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[Pal.*:ontoix)gical Notes from the Laboratory of Buchtel Col- 
lege. — No 1.] 

A NEW GIGANTIC PLACODERM FROM OHIO. 

E. W. Clatpole, Akron, O. 

To the two genera and species of gigantic placoderms from the 
Cleveland shale described some years ago by Dr. Newberrj' in the 
Palaeontology of Ohio, and in the Monograph on the fossil fishes 
of North America, published by the U. S. Geological Survey, has 
recently been added a third, equally formidable in its armour and 
scarcely less in size. This creature has been brought to light by 
the labors of Dr. Wm. Clark, of Berea, 0. , to whom geologists 
are also indebted for the material of great additions to our knowl- 
edge of some of the older forms of this remarkable ichth^'ic fauna. 
The new fish was found during the autumn of 1891, on the hori- 
zon and near the place which had yielded Dinichthys and Titan- 
ichthys. 

Though resembling these, and especially the former, in general 
character, it yet exhibits at least one peculiar feature, in so far as 
3'et known, which is suflOlcient at once to differentiate it from both 
its enormous contemporaries. 

It is not at present possible to give any adequate account of the 
whole animal, as only a portion of it has yet been found. This 
preliminary note will therefore be limited to a description of the 
lower jaw and the teeth, which have been completely extricated 
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fronj tli6.*iftfityre. A great part of the rest of the head still re- 
n^Ain^broVen and bedded in the stone, and much time and great 
,. :"l^J59»*riiust be expended before we shall be in a position to fully 
•rVdescribe this. No part of the body has been discovered. 







GORCONICHTHYS CLARKI 

EXPLANATION OF FIGURE. 

Lower left mandible of OorgonichthyB clarki 25 inches long, showine: 
groove worn by premaxillary, lateral process and denticles, and overlap 
of apparently two bones aokylosed together (mandibular and articular). 

Premaxillary tooth, broken, point only. 

Lateral tooth, fitting against lateral process of mandible. 

Bone, exact nature uncertain, apparently a second lateral tooth in up- 
per jaw. 

GorgOniChthyS, g. n., Lower jaw or mandihle. 

In general outline this resembles the corresponding bone of Di- 
nichthifs^ from the largest species of which also it does not much 
differ in length, being in this — the only specimen yet known — 25 
inches long. There is the same upward curve at the hinder end, 
where also the bone thins away to a blade- like plate, the end of 
which was apparently received between two thin l)ony plates and 
afforded attachment for enormous muscles. The ankylosis of the 
two bones of which the jaw consists is firmer than in DlnickthyK ; 
that is to say, the jaw appears almost as if it consisted of only a 
single bone. 

A little in front of the middle the mandible rises into a rounded 
tooth- like process an inch and a half high and occupying about 
four inches of its length. Each slope of this process is set with 
a row of five or six denticles or rather denticular serrations of the 
bone, standing at right angles to the surface. The resemblance 
of the fish in this point to Dinichthys hcrtzeri of the so-called II u- 
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Ton shale, is manifest. D. terrelU, however, of the Cleveland 
shale, has no such denticles. 

Sinking in front of this process to its average level, the jaw 
again rises so as to form at its extremity a strong pointed tooth, 
closely resembling that of Dhnchthys, roundly triangular in out- 
line and having a total hight of five inches. The whole hight of 
this tooth from the lower edge of the jaw is nine inches. 

Upjyer jaw. 

Opposite to this tooth in the upper jaw is one correspon iing to 
the great **premaxillar}''' of Dlnichthys as descril^ed by Newberry. 
The specimen is somewhat imperfect, as its base (or upper part) 
has been broken off. So far as preserved it appears rather rounder 
in section and smaller than the great premaxillary of Dinichthys. 
As in that genus, however, it fitted close against the outer and 
hinder face of the great mandibular tooth, already described. 
This is proved by the groove which it has worn, and in which it 
was lying when found. 

Behind this is the remarkable tooth which most perfectly char- 
acterizes the genus. Homologous to the cutting upper blade of 
the shears of Dirnchthys^ it evidently performed no similar func- 
tion in the animal. Neither on it nor on the tooth-like process in 
the lower jaw above mentioned is there the slightest sign of wear 
or rubbing, such as is always visible on the jaws of Dinichthys. 
This tooth, which measures nine inches from the front to the 
back by seven inches in a vertical direction, is totally different 
from the rounded upper blade of Dhiichthys, and much heavier. 
It terminates downwards in two blunt processes, whereof the fore- 
most is the larger and the more prominent. Between these fitted 
the blunt projection of the lower jaw, though the signs of wear are 
not ver}' conspicuous on either. Both show the usual hard, close 
and polished bony structure that marks the teeth of these fishes. 

The mode of attachment of the upper teeth to the bead is, as 
in the case of Dinichthys, not yet known, but their position and 
their evident adaptation to the lower jaw leave no doubt of their 
relationship. The whole outfit constitutes the most formidable 
dentary weapon yet known from this or perhaps from any horizon 
excepting possibly '"Carcharodon^ of the Eocene. 

In addition to all the al)ove there is another lK)ne whose form, 
structure and position when found strongly indicate a close rela- 
tionship to them. This has been represented in the figure, not- 
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withstanding the uncertainty resulting from our inability at pres- 
ent to pronounce on its exact position. The blunt tubercle on its 
lower side shows all the usual marks of having been a denticular 
process, and it almost certainly lay close behind the great tooth 
last described. In default of certainty on this point, however, I 
prefer merely to indicate its probabilities, and to leave its deter- 
mination for the future. 

Found in the Cleveland shale, near Berea, 0., by Dr. W. Clark, and 
named for him in acknowledfiement of his patience and perseverance in 
exhuming and extricating it.* 



THESTRATIGRAPHIC POSITION OFTHE OGISHKE 
CONGLOMERATE OF NORTHEASTERN 

MINNESOTA.! 

By Uly S. Grant, Minneapolis. 

In the region of Ogishke Muncie or Kingfisher lake (T. 65-0, Lake 
Co. , Minnesota) is a marked conglomerate of considerable extent. 
It is well known to lake Superior geologists as the Ogishke con- 
glomerate. It consists of pebbles of slates, graywackes and 
other clastic rocks, together with those of acid and basic erup- 
tives, all embedded in a matrix of varying composition. Fre- 
quently this matrix is a dark or light colored argillaceous slate ; 
at other times it resembles graywacke, and again it acquires a 
greenish color and approaches the chloritic schist of this region. 
But perhaps the most characteristic facies of the matrix is an 
impure quartzyt6 with angular and rounded grains of quartz; 
fragments of feldspar and hornblende are also present. The 
pebbles are of all sizes up to those over a foot in diameter. They 
are usually well rounded and are sometimes elongated in the 
direction of the strike. The rock has been more or less meta- 
morphosed and in places the pebbles approach so near the matrix 
in character that the conglom critic nature of the rock can be seen 
only on favorable weathered surfaces. The beds as a rule stand 
nearly vertical with a general northeasterly strike. However, 
it is often the case that no lamination can be discerned. The 
conglomerate, as far as known, fades off both along and across 
the strike, by simple loss of the pebbles, into the argillytes, green- 

*A short notice of this fossil was given at the meeting of the Geological 
Society of America at Columbus, O., in December, IbOl, and the name 
was then first proposed. 

tPublished with the permission of the State Geologist of Minnesota. 
Read before the Minnesota Academy of Natural Sciences, June 14, 1892. 
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stones and graywackes to the north, which have been described 
as belonging to the Keewatin series. The exact geographical 
extent of the conglomerate is not fully known ; it covers an area 
of nearly fifteen miles in the immediate vicinity of Ogishke Muncie 
lake, and has been seen to the north on the west shore of West Sea 
Gull lake and also in Ontario at the northwestern corner of 
Saganaga lake.* There has been no general agreement in regard 
to the relation of the Ogishke conglomerate to the surrounding 
rocks, and so it has seemed advisable, in the light of recently 
discovered facts bearing on this point, to give a brief outline of 
the opinions of the different geologists, who have worked in this 
region, concerning the position of the conglomerate; and also to 
state what is definitely known in regard to this question. 

The first notice and discription of this conglomerate was 
given by Prof. N. H. Winchell in 1882.t In that description he 
applied no particular name to it, but since then it has been 
universally known among lake Superior geologists as the 
Ogishke Muncie or Ogishke conglomerate. At first he regarded 
it as part of the series of black slates (Animike) occurring on 
Gunflint lake and also of the series represented by the slaty 
argillytes of the vicinity of Knife lake and westward (Keewatin).t 
On further study, however, the correlation with the latter series 
was entirely abandoned, and until 1887 he regarded this con- 
glomerate as the basal member of the Animike. ? [See end of 
this paper, paragraph on the use of the term Ogishke conglom- 
erate.] In passing westward from the low dipping Animike of 
Gunflint lake to Ogishke Muncie lake, he says: '**There is thus 
seen to be an undeniable gradation from the Animike into the 
[upper] conglomerate. "II **The formation of horizontal slates of 
the vicinity of Gunflint lake and the international boundary is the 
same as the highly tilted slate and quartzyte formation that 
passes into the slaty conglomerate of the region of Ogishke 
Muncie lake."** He regards the Ogishke conglomerate as separ- 

*A. C. Lawson, Lake Superior Stratigraphy, Amek. Geologist, vol. 
VII, page 324, May, 1891. 

tGeol. and Nat. Hist. Survey of Minnesota, 10th (1881) Ann. Kept., p. 90. 

JIbid., pp. 94-95. 

§Ibid., 11th (1882) Ann. Kept., p. 170; 15th (1886) Ann. Kept., p. 381; 
16th (1887) Ann. Rept., pp. 91, 97-98; 17th (1888) Ann. Kept, pp. 17, 20,24, 
47; Amer. Geologist, vol. I, pp. 11-14, Jan., 1888. 

IGeol. and Nat. Hist. Survey of Minn., 16th (1887) Ann. Rept., p. 91. 

**Ibid., 17th (1888) Ann. Rept., p. 17. 
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ate(l from the Keewatin by an overlap unconformity,* and in 
correlating it with rocks of other parts of the lake Superior region 
he makes it the Minnesota equivalent of the lower slate conglomerate 
of the original Huronian,! thus putting it as the basal member of 
the original Huronian group. 

Dr. Alexander Winchell, while admitting the possibility of the 
Ogishke conglomerate being part of the Animike,t still firmly 
believed it to be much older and an upper part of the Keewatin. ? 
* <The prima facie evidence would make it part of the Keewatin 
system, conformable in structure and consecutive in history. "|| 
"Lithologically and stratigraphically. therefore, the identification 
[of the Ogishke conglomerate with the Keewatin] seems to be com- 
plete. ****«« On structural as well as lithologicai 
grounds the conglomerate seems to belong to the Keewatin series."** 
"Of this, however, I feel authorized to testify — the range of rocks 
lying within the field of my explorations in Minnesota, represents 
but owe system, "tt Later he said that he regarded the Ogishke 
conglomerate as a basal conglomerate ;U he probably meant the 
basal member of a division of the Keewatin, as he certainly did 
not regard it as at the base of the Keewatin. 

Prof. R. 1). Irving thought that the Animikc slates of (runflint 
lake were once continuous with the folded slates of the region of 
Knife and Ogishke Muncie lakes, and that the^e latter were part 
of the Vermilion lake series of slates (Keewatin).?? *'His (Mr. 
W. M. Chauvenefs) work thus far, as also the results of our 
microscopic study of the sections gathered, has tended to show 
that the Knife lake schists are actually the Animike slates in a 
folded condition. ''II II '-The folded schists of Knife and King- 

*lbid., p. ft8. 

tThe Animike black slates and quartzytes and the Ogishke conglom- 
erate of Minnesota, the equivalents of the "original Huronian/' Amek. 
Geologist, vol. I, pp. 11-14, Jan., 1888. 

tGeol. and Nat. Hist. Survey of Minn., 16th, (1887) Ann. Rept, pp. 
349, 359. 

8Ibid., 15th (1886) Ann. Rept., pp. 179, 194-195; 16th (1887) Ann. Kept., 
pp. 344-350, a59-360; Proceedings of A. A. A. S., XXXVIII, 1889. 

16th (1887) Ann. Rept., Minn. Survey, p. 347. 

♦♦Ibid., p. 348. 

ttlbid., I5th (1886) Ann. Rept., p. 195. At tliis time he had not seen the 
Animike. 

JJIbid., 18th (1889) Ann. Rept., p. 215; foot note. 

§§r. S. Geol. Survey, 5th Ann. liept., pp, 206-207. 

jilbid., p. 207. 
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fisher (Ogishke Mnncie) lakes belong evidently to the Vermilion 
lake band. "♦ 

Prof. C. R. Van Hise agrees with professor Irving in plac- 
ing the Ogishke conglomerate as the equivalent of part of the 
Animike and in separating it from the Keewatin or that part 
of it which he terms the lower Vermilion, meaning by this the 
iron-bearing series of the Vermilion lake region.! He regards 
the conglomerate as a newer formation folded in with the older 
rocks of his lower Vermilion. { 

Dr. A. C. Lawson was the first to show conclusively that the 
Ogishke conglomerate is much older than the Animike and 
is separated from it by an enormous structural and time 
break. 2 

The opinions of the more noted geologists, who have recently 
worked in this region, having been given in outline, we will now 
proceed to a brief consideration of the relations of the Ogishke 
conglomerate to the rocks above and below it. This will be 
given under three heads: — (1) Relation of the Animike to the 
Saganaga granite, (2) Relation of the Ogishke conglomerate to 
the Saganaga granite, (8) Relation of the Ogishke conglomerate 
to the Keewatin. 

Relation of the Animike to the Saganaga granite. On the 
north side of Gunflint lake the Animike is seen in contact with an 
underlying series of schists and granite. This granite is known 
as the Saganaga granite from the fact that the hike of that name 
lies almost wholly within its limits. || Now the almost horizontal 
Animike beds rest, in a practically undisturbed condition, on the 
truncated edges of these schists, which stand nearly vortical. 
And they (the Animike strata) also lie upon the granite perfectly 
unconformable, fitting into the hollows of the eroded surface. 
This unconformity of the Animike on the schists and granite has 

*Ibid., p. 208. 

tAn attempt to harmonize some apparently conflicting views of lake 
Superior stratigraphy, Amer. Jour. Sci., ill, vol. xli, pp. 117-187, Feb, 
1891. 

JIbid., pp. 122, 124. 

§Lake Superior stratigraphy, Ambr. Geologist, vol. vii, pp. 320-327, 
May. 1891; especially p. 324. ' 

iFor a fuller account of this granite area see: 
A. Winchell, Geol. and Nat. Hist. Survey of Minn., 16th (1887) Ann. 
Kept, pp. 211-226, 330-834. H. V. Winchell, Geological age of the 
Saganaga syenite, Amer. Jour. Sci., iii, vol. xt.i, pp. 386-890, May, 1891. 
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been described by N. H. Winchell,* Irving, t A. Winchell,t Van 
Hise? and Lawson, || and no one has ever questioned it. It is 
not necessarj' in this connection to discuss the age of the above 
mentioned vertical schists, concerning which some question has 
been raised,** but it is sufficient for the present purpose to con- 
sider only the age of the granite. From all our knowledge of 
granite it is never known to have been formed in or to have pene- 
trated strata near the surface; we are thus forced to conclude 
that after this granite came into its present place and condition 
and before the Animike was deposited there must have been a 
long period of erosion, during which all the overlying surface 
rocks were removed. Thus there is an enormous difference in 
age between the Animike and the granite, the former being 
separated from the latter by a great unconformity and as long a 
period of erosion as is known in lake Superior geology. 

Relation of the Ogiahke eomjlonierate to the. S<ignnaga granite. 
This granite has been traced in numerous exposures from Gun- 
flint lake to the western side of Saganaga lake, and there can be 
no doubt that the granite which comes in contact with the 
Keewatin near the western side of the latter lake is the same as that 
underlvincr the Animike on the north side of Gunflint lake. On the 
northwestern corner of Saganaga lake Lawson has found this 
granite in direct contact with the Ogishke conglomerate, where 
the granite cut the conglomerate and the Keewatin rocks in a 
truly irruptive manner, tt Recently the writer has been enabled 
to supplement the observations of Lawson by finding another 
contact between the conglomerate and the granite near the south- 
western corner of the granite area. At this place the irruptive 
nature of the granite in the clastic rocks is clearly seen; it cuts 
across the strike of the conglomerate and has forced its way in 
between the different layers. The granite has also been found 

*Geol. andNat Hist. Survey of Minn., Uth (1880) Ann. Kept, p. 82; 
10th (1881) Ann. Rept, p. 88; 16th (1887) Ann. Rept., pp. 67, 69. 

tAmer. Jour. Sci., iii, vol. xxxiv, p. 261, Oct , 1887; U. S. Geol. Survey, 
7th Ann. Rept., p. 421. 

tGeol. and Nat. Hist. Survey of M inn., 16th (1887) Ann. Rept., pp. 233-269, 
35 »; Amer. Jour. Sci., iii, vol. xxxiv, p. 314, Oct., 1887; Ameu. Geologist, 
vol. I, pp. 14-24, Jan., 1888; Bull. Geol. Soc. Amer., vol. i, pp. 386-388. 

§U. S. Geol. Survey, 10th Ann. Rept., pi. xlii. 

||Amer. Geologist, vol. vii, p. 324, May, 1891. 

**Bull. Geol. Soc. Amer., vol. i, pp. 387-393. 

ttAMEU. Geologist, vol. vii, p. 324, May, 1891. 
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near by in imiptive contact with undoubted Keewatin rocks.* In 
consideration of the above facts — the relation of the Saganaga 
granite to the Ogishke conglomerate and to the Animike — 
there can no longer be any doubt as to the relative ages 
of the two series; the latter is much younger than the 
former, being separated from it by a great unconformity 
and a long erosion interval. The same is also true of the 
Animike and the Keewatin, no matter what is the age 
of the vertical schists on which the Animike lies at Gunflint 
lake. 

Relation of the Ogishke congfonwrate to the Keewatin. This is 
a subject which as yet caunot be regarded as definitely settled. 
Van Hiset considers the two as ditforent formations separated by 
an unconformity. But thus far no entirely conclusive evidence 
on this \Kt\nt has been found. A. WinchellJ thought that the 
two were one and were not separated by any interruption in 
deposition. And it must be admitted that in many cases the con- 
glomerate is seen to pass into schists and slates which, as 
far as the author knows, have not yet been separated from the 
Keewatin proper either lithologically or by any structural break. 
There is still need of more detailed observations on this point, 
but it can safely be said that all are agreed that the conglomerate 
is more recent than most of the Keewatin, — no matter whether it 
is considered as a part of the Keewatin or as an infolded younger 
series. For the present it is perhaps better to consider the con- 
glomerate as a part of the Keewatin. 

No attempt to parallelize the Ogishke conglomerate with other 
formations in the lake Superior region is here necessar}', it being 
the only object of this article to present briefly the various opin- 
ions on the position of the conglomerate and to state its actual 
relations, go far as is known, to the rocks in its immediate vicin- 
ity. The terms Keewatin and Vermilion have been used in the 
sense employed by the Minnesota survey, — i. e.. the former is the 
series of greenstones, graywackes, slates and earthy and semi- 
crystalline schists extending from Vermilion lake to and through 

♦More detailed accountB of these contacts will appear in forihcon.ing 
reports of ihe Canadian and Minnesota surveys. 

tAmer. Jour. 8ci., iii, vol. xli, pp. 117-137, Feb., 1891. 

JGeol. aod Nat. Hist. Survey of Minn., 16th (1887) Ann. Kept., pp. 347, 
348. Proceedings A. A. A. S., XXXVUI, 1889. 
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Knife lake; the latter is the series of holocrystalline mica and 
hornblende schists that often occur both north and south of the 
former. 

The term •^Ogishke conglomerate'' has been used in this paper, 
as before stated, as referring to the conglomeritic terrane of nearly 
vertical dip, which lies on the shores of and to the north of 
Ogishke Muncie lake. This conglomerate has always been con- 
sidered as a single formation, but in 1888 N. H. Winchell* stated 
some evidence for the existence of two conglomerates near this 
place and separated them into an upper and a lower member, which 
he provisionally referred to the Animike and Keewatin respectively. 
However, the younger of these is largely seen to the southeast of 
Ogishke Muncie lake and has not been studied by other geologists. 
So in this paper the older of these two conglomerates is the one 
under consideration. 

Summary. The Animike and the Ogishke conglomerate can no 
longer be parallelized, as has often been done, for the former is 
separated from the latter by a great structural break and a long 
erosion inter\al. For the same reason the Animike can not l>e 
correlated with the Keewatin. The relation of the Ogishke con- 
glomerate to the Keewatin has not yet been conclusively estab- 
lished, but all agree that it is younger than most of the Keewatin, 
and for the present it seems best to consider it as part of the 
Keewatin. 

I\ti'ograpM('al Laltoratory of the Johns Ilopkum Uinversity, 
Bf lift more, April, 1892. 



NOTES ON THE STRATIGRAPHY OF A PORTION 
OF CENTRAL APPALACHIAN VIRGINIA. 

By N. H. Dahton, U. S. (ieological Survey, Washington, D. C. 

It is the purpose of these notes to describe the salient features 
of the stratigraphic column of the region, to assign definite names 
to certain of its members, and to call attention to a significant 
unconforniitv at or near the base of tlie Devonian. The field 
studies were made mainly in connection with the preparation of a 
detailed geologic map of Augusta, Highland, and portions of ad- 

♦Geol and Nat. Hist. Survey of Minn., 17th (1887) Ann. Kept., pp. 97-98. 



Stratigraphy, of Appalachian Virginia. — Darton. 11 

jacent counties covered by the **Staunton Sheet" of the U. S. 
Geological Survey. This map will soon be published, together 
with sections and explanatory text, so that information regard- 
ing the distribution of the formations and their structure need 
not be given here. 

The principal geologic publications relating to the region are 
the reports* and notest of the State Survey by W. B. Rogers, 
and a paper by J. L. Campbell, **Silurian formations in Vir- 
ginia, "t Although Rogers' observations were made over half a 
century ago, his reports, and especially the notes, give a remark- 
ably accurate and comprehensive account of the stratigraphy of 
Appalachian Virginia, but they are so brief that local features 
are not described. In the classification of the Paleozoics Rogers 
subdivided them into sixteen groups, to each of which a Roman 
numeral was assigned as a name. For the Carboniferous forma- 
tions descriptive or geographic names were also proposed. These 
numerals have been used to some extent by subsequent writers, 
but names from the New York series have gradually been intro- 
duced, and in the section on the Virginias in Macfarlane's Geo- 
logical Railway Guide, Rogers employs New York names to- 
gether with his numerals, for the formations below the Lower 
Carboniferous. 

Campbell's paper describes a section from Lexington to Warm 
Springs valley, and includes a table of the Silurian rocks ''with 
their subdivisions compared with e({uivalent epochs of Dana's 
Manual.'' 

Although the greater number of groups of the Lower Paleozoic 
of New York extend through Pennsylvania, and are more or less* 
distinctly represented in Virginia, many of their component 
formations lose their distinctive characters, and their stratigraphic 
range is not apparent in the Virginia sections. Owing to this 
lack of evidence as to the precise stratigraphic equivalency and 
range of the Virginia formations in terms of the New York series, 
the use of New York terms is misleading. In the application of 
the New York nomenclature for Virginia formations names were 

♦Reports of Progress of the Geological Survey of the State of Vir- 
ginia, (1886-1841). 

tThe Virginias, Vol. 3, p. 194; Vol. 4. pp. 12, 13, 23, 38, 39, 59, 60, 71, 
72, (1882-1883). 

JAm. Jour. Sci., 3d series, Vol. 18, pp. 16-29, 119-128. 
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selected somewhat arbitrarily and applied to beds in most cases 
comprising a much greater stratigraphic range than the name im- 
plies, including deposits having co-ordinate names in New York, 
but not presenting typical characters in Virginia. The system 
of classification and nomenclature by which I w^as guided in 
mapping the formations in central Appalachian Virginia is the one 
adopted by the U. S. Geological Survey and described in the 
Tenth Annual Report of the Director, pages 56 to 79. The fol- 
lowing quotations from this report are given in explanation: 

*The structural divisions shall be the units of cartography and shall 
be designated /orma/t(7r7 8. Their discrimination shall be based upon the 
local sequence of rocks, lines of separation being drawn at points in 
the stratigraphic column where lithologic characters change. * * * 
In every case the definition should be that which best meets the prac- 
tical requirements of the geologist in the field and the prospective 
user of the map; that is to say, each formation should possess such 
characteristics that it may be recognized on the ground alike by the 
geologist and by the layman. 

"As each lithologic unit is the result of conditions of deposition that 
were local as well as temporary, it is to be assumed that each formation 
is limited in horizontal extent; the formation should be recognized and 
should be called by the same name as far as it can be traced and identi- 
fied by means of its lithologic characters, aided by its stratigraphic 
associations and its contained fossils. 

*The formations shall receive distinctive designations. The most de- 
sirable designations are binomial, the first member being geographic 
and the other lithologic. * * * When the formation consists of beds 
differing in lithologic character, so that no single lithologic term is ap- 
plicable, the word "formation'' shall be substituted for the lithologic 
term (e. g., Potomac Formation). 

"In the application of formation names, the laws of priority and pre- 
scription shall be observed; but In general the name previously given 
to a structural unit of unlike definition shall not be given to the newly 
defined formation." 

As the Staunton sheet is to be the first published of the maps 
of Appalachian Virginia, it was necessary in its preparation to 
carefully consider a nomenclature for the stratigraphic units for 
the region, and to select names which involved no further cor- 
relation than was at present practicable. To this end a few 
names already known were adopted, together with several new 
names dei'ived from prominent localities in the general region. 
These names are applicable for all of central Appalachian Vir- 
ginia, and in some cases for a wider area. They are given in the 
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following list in which are classified the strata from Silurian to 
Lower Carboniferous: 



Gronp. 



Names adopted by 
U. S. Geol. Survey. 



Carboniferous. 



Devonian. 



Silurian. 



f Greenbrier limestone 
(W. B. Rogers.) 
Pocono sandstone 
[ (2d Geol. Surv. of Pa.) 



\ Hampshire formation 
- Jennings formation 
f Romney shales 



Monterey sandstone 
Lewistown limestone 
(2d Geol. Surv. of Pa.) 
Massanutten ^ndst'n 
Martinsburg shales 
Shenandoah lime- 
stone 



Rogers' 
number. 



XI 
X 



IX in part. 
VIII '' 
VIII 

VII 
VI 



ii 



IV 



and V 
III 
II 



Other names which 
have been used. 



Montgomery grits 
(W. B. Rogers.) 

Catskill (in part?) 
Chemung " ** 
Hamilton " " 

Oriskanv 

Lower Helderberg 

Medina and Clinton 
Hudson RKer 
Valley limestones. 
Trenton, Chazy, Levis, 
Calciferous. 



Thickness. 



600 to 800 ft. 



I000tol400ft. 

2800 to 3200 ft. 

500 to 900 ft. 

to 800 ft. 
300 to 600 ft. 

600 to 800 ft. 

800 to 1400 ft. 

1500 ft. 



The term * ^Shenandoah limestone" is thought to be very appro- 
priate, for the Shenandoah valley and river are well known 
features of its area. The formation comprises in the Staunton 
region a great mass of impure magnesian limestones below, grad- 
ing upwards through a series of cherty beds of no great thick- 
ness into several hundred feet of light-colored, heavily bedded, 
purer limestones. The lower beds were not found to be fossilifer- 
ous. In the cherty beds only a few middle Ordovician gasteropods 
were found. In these beds the distribution of cherts is irregular 
in amount, horizon and continuity. The upper member is spar- 
ingly fossiliferous at many localities with a middle to upper 
Ordovician fauna in which the forms Ortliis occidnitalis^ 0. 
tetttuiluiaria, LepUtMia atternata. and Chutttm lyvopertlon were pre- 
dominant. Phurotomai'ia suhconica, Coniihirid (rcutonensis, 
Pfatt/notus treat one Hsis and several others were also noted. 

In his reports and notes Rogers made no attempt to subdivide 
the great limestone series but fully recognized the charactertistics 
of its several members. In his contributions to Macfarlane's 
Guide the upper beds are placed in the '*Trenton," and this desig- 
nation has been generally applied to them. J. L. Campbell, in 
the paper above referred to, describes five subdivisions in the 
Lexington region, but in the Staunton region no lines of separation 
were found to be sufficient for areal distinction. 

The Martinsburg shales succeed the Shenandoah limestone with 
a thin series of alternating thin bedded limestones and slates at 
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their base. The name is taken from Martinsburg, in the Shenan- 
doah valley in West Virginia, a region in which the formation is 
extensively and typically exposed. Its largest areas are in the 
great syncline of the Massanutten mountains, and the long nar- 
row area bordering the great valley on the west along the flanks 
of Little Noilh mountain. The rocks are slates and shales, 
mainly of dark color; in the Massanutten syncline thin beds of 
sandstone are included, and occasional limestone beds or calcar- 
eous streaks occur at other localities. The beds are fossil if erous 
at many points; graptolites are found in the basal beds, notably 
in some light colored weathered shales in cuts of the Chesa- 
peake & Ohio rail way ,*^wo''Tiiiles east of Staunton and further 
<east ; along the Little North mountain, and in the Warm Spring, 
Crab Bottom and other anticlinal valleys westward, remains of 
upper Ordovician brachiopoda are moderately abundant. The 
forms most frequently met with are Lcptami sericea, L. aJter- 
nata^ Ortliis teatndlnaria, 0. pectiuella, and Modiolopsis modio' 
laria. The precise equivalency of the formation is not known, 
but judging from its general relations and fauna it probably com- 
prises the Utica, Hudson River, and possibly small amounts of 
adjacent formations of the New York series. It is the No. Ill 
of Rogers' reports and has generally been called ** Hudson River. *' 

The Massanutten sandstone receives its name from the promi- 
nent Massanutten mountains in which it is typically developed. 
It also constitutes the Little North mountain, and many other 
prominent ridges in Appalachian Virginia. 

The rocks of the formation vary in local characters, mainly in 
color, thickness of bedding and degree of silicification, but 
white and red quartzites prevail. In most sections the basal beds 
are alternating beds of dark sandstones and shales; these are 
succeeded by white and grey quartzites, which in turn give place 
to thinner bedded red and brown sandstones and shales. The 
formation was separated into two portions, numbers IV and V, 
by Rogers, the lower part supposed to be equivalent to the Medina 
sandstone, and the upper shaly series to the Clinton, Niagara and 
Salina of the New York series: but while this subdivision mav 
be practicable in some sections of the state, it would be most 
arbitrary and variable in the region to which these notes relate. 
The fossil ore horizon containing a Clinton fauna is not well 
developed in the region west of Staunton, and fossils are rare 
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in any portion of the Massanutten sandstone series. In the Goshen 
pass there are several beds bearing moUuscan remains, and Scoli- 
thus (verticalis?) and plants are conspicuous at some localities. 

The Lewistown limestone is believed to be the southern ex- 
tension of the beds comprised under that name in south central 
Pennsylvania. The formation is a light colored, heavily bedded, 
relatively pure limestone, of very uniform character. The oc- 
currence of cherty beds in its upper portion is a characteristic 
feature, and it is also notably fossiliferous. The fauna is Lower 
Helderberg, but in its lower portion are also intermingled Orthis el- 
tgnntula and Sjnri/era niagaraensis^ representative Niagara forms. 
The more plentiful Lower Helderberg species are Zaphrentis roe- 
meri, Streptelasma stricta^ Orthis ohlata, 0. perelegans, Strepto- 
rhynchus wolworthania, Strophomena rhomhoidaUs, iStrophodonta 
headleyana, S. beckit\ Cyrtia dalmani, Neucleonpira veutricosa, 
Spiri/era cyclopterus^ S. concinnus, S. perlawmellosus, JS. macro- 
pleura, S. ranuxenii, RhynchoneUa nohilia, R. fonnosa, R. ah- 
rupta, Eatouia med talis, Atyrpa reticularis, Pentamems galeatus, 
and many others. The beds have been called Lower Helderberg 
by most writers, but they unquestionably represent a somewhat 
greater stratigraphic range, and the name used by the Second 
Geological Survey of Pennsylvania has been adopted for them. 

The formation is brought up very often in the anticlinals of 
central Appalachian Virginia, and it is a conspicuous and valua- 
ble member of the Paleozoic series. It thins gradually east- 
ward, and southwestward it disappears for some distance in the 
New River region, to reappear in the southwestern corner of the 
state. 

The Monterey sandstone is an arenaceous bed, everywhere 
closely associated with the Lewistown limestone from central Vir- 
ginia through Pennsylvania. It is a coarse grained, light colored 
sandstone or moderately silicified quartzite, usually friable in its 
weathered outcrops. It is number VII of Rogers, and has gen- 
erally been called Oriskany. Its abundant and varied fossils are 
mainly of Oriskany forms, but Lower Helderberg and Hamilton 
fossils are intermingled to a greater degree than in the New 
York Oriskany. The most distinctive Oriskany species recog- 
nized were Orthis htppariony.r, 0. musculosa, Spiri/era arenosus^ 
S. arectus, S. pyxidatun^ Eaton ia siituata and Renssefaria ovides, 
but there are many others. 
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The beds undoubtedly comprise not only the Oriskany, but in their 
upper portion the representatives of the several coordinate members 
of the Corniferous group. For this reason and the general uncer- , 
tainty of precise correlation a new name has been adopted for the 
formation. This name is that of the county seat of Highland county. 
Virginia, a region in which the formation is extensively developed. 
Whether to class the Monterey sandstone in the Devonian or Silurian 
is a question which will have to be decided by the paleontologists. 

Between the Monterey sandstone and the slates of the next 
succeeding formation there is an unconformity by erosion which 
presents some interesting features. Its vertical extent is not 
great, and it is apparently confined to the more eastern series of 
exposures, but it appears to extend for some distance along the 
Appalachians. In the region west of Staunton the Monterey 
sandstone beds are eroded to a varying depth which reaches its 
maximum in an area northeast of Goshen, where the black slates 
of the Devonian lie on an irregular eroded surface of the cherty 
member of the Lewistown limestone, the Monterey sandstone 
having been entirely removed. The southern extension of the un- 
conformity has not been studied with care, but the abrupt break 
between the black slates and Monterey sandstone is frequently ob- 
served for many miles southward. The absence of the Monterey 
sandstone and Lewistown limestone in the New River region is 
probably due to this unconformity, the occasional masses of black 
chert occurring in their place being the remains of the detritus of 
the latter. In Pennsylvania similar relations have been described 
in some of the central counties, where the "Oriskanv" and more 
or less of the associated formations have been locally removed. • 

In central Virginia and also in Pennsylvania to a less extent 
there are iron ore deposits at the base of the Devonian shales. 
In Virginia these deposits have been extensively worked at Low 
Moor, Longdale, Victoria Mines, Ferrol, Pond Gap, and many 
other places, and their existence appears to be closely related to 
the unconformity. 1 have examined these deposits at several 
typical localities, and they appear to lie on the eroded surface, 
where they were probably deposited as bog ores in shallow basins 
of greater or less extent. They have since been buried under 
the great mass of Devonian and Carboniferous deposits, and more 
or less secondary arrangement has taken place. This secondary 
deposition would be necessary, perhaps, to account for the nature 
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of the ores and the impregnation of the surrounding rocks with 
more or less ferruginous material. 

The Devonian formations in central Appalachian Virginia com- 
prise from 5,000 to 6,000 feet of arenaceous and argillaceous 
deposits, separable into three series. The basal members are 
fissile shales, in greater part black or dark brown in color, con- 
taining occasional thin beds of sandstone and limestone. Their 
average thickness is about 600 feet. They give place to a series 
of light colored shales, in which olive, grey, and buff tints pre- 
vail, with interbedded light colored sandstones, averaging in all 
about 3,000 feet in thickness. The local sequence of beds in 
this series is variable, but the medial portion consists largely of 
arenaceous members. The upper series is characterized by thin 
bedded, relatively hard, more or less micaceous sandstones with 
shale intercalations, in greater part dull red, dark grey, and 
brown in color. Its average thickness is about 1,200 feet. 

These series intergrade through beds of passage often amount- 
ing to several hundred feet in thickness, but this amount is vari- 
able in different parts of the region. In his reports and notes 
Rogers classes the two lower series under his No. VIII, and sepa- 
rates the upper member, possibly more, as No. IX. The three 
series have also been more or less generally known as Hamilton, 
Chemung and Catskill, but without any definition of their range. 
Notwithstanding the extensive intergrading, the series are so well 
characterized as wholes that it seemed best to separate them as 
formations. As in the case with most of the other formations, 
it was found that there were no names in existence which could 
be employed with any degree of definiteness, so new names were 
selected. The names adopted were Romney shales, from Rom- 
ney in West Virginia, for the basal series of dark shales, Jen- 
nings formation, from Jennings' gap and Jennings' branch in 
western Augusta county, Virginia, for the medial series of light 
colored shales and sandstones; and Hampshire formation from 
Hampshire county. West Virginia, for the uppermost series of 
dark sandstones. The Devonian formations are not fossilifcrous 
at many horizons in the region west of Staunton. In the Rom- 
ney shales the following species are Corniferous: DincinahKlensls^ 
D. minuta, Orthis hucosia, Strophodonta demissa, Cortina hamil- 
(onensis, Spirifera mncronatug, *V. granuh'/era, and Leiorhynchus 
limitaris. This is a Hamilton group fauna, but the stratigraphic 
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range of Hamilton group equivalents in the Romney shales is not 
apparent, and Hamilton deposits probably extend some distance 
above. 

In the Jennings formation very few ]>eds are fossil if erous, and 
they are mainly in the medial beds where Chemung and Portage 
forms occur comprising Spiriffra disjuncta^ S. mesocostalis, Strep- 
torhynchus chemungensis, Chonetes ftcituJa, and others. 

The Hampshire formation has yielded only a few plant remains 
which throw no light on the equivalency of the formation, but no 
doubt it comprises the representatives of the Catskill in their en- 
tirety or in greater part. 

The Pocono sandstone is apparently- the southern extension of 
the beds which bear the name in Pennsylvania. It is the No. X 
of Rogers. Its basal beds are coarse grained, quartzite sand- 
stones, sometimes conglomeratic, massively bedded, usually light 
grey in color, and always constituting either a prominent ridge or 
protecting mountain cap. Higher members are thinner bedded 
and dark in color, and contain layers of slate with thin irregular 
coal beds. These coals have been workeci at some localities but 
usually without profit, for the beds are thin, irregular and gen- 
erally much crushed. Lower Carboniferous plant remains occur 
in the coal -bearing slates but nomoUuscan remains were observed. 

On the Staunton sheet the Pocono sandstone caps Elliott's knob 
and various other high summits, particularly- along the Shenan- 
doah mountains, and it also constitutes the high, narrow ridge 
known as Narrow Back mountain. 

The Greenbrier limestone has been described with cx>nsidera])le 
detail by Rogers, and 1 have nothing to add to his descriptions. 



ON THE SIGNIFICANCE OF THE WHITE CLAYS OF 

THE OHIO REGION.* 

By FiiANK Lkvekett. 

The fact has long been known that in southeastern Indiana and 
southwestern Ohio the southern portion of the glaciated district is 
covered to a depth of several feet by clays, distinctly differeht in 
color and structure from the underlying glacial beds, and from 
the surface portions of the glacial drift further north. In the In- 

*The work whose results appear in this paper was carried on under 
the supervision of Pres. T. C. Chamberlin, with whose permission this 
paper is published in advance of the more detailed official report. 
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diana Survey Reports the tracts covered by these clays are spoken 
of as * 'slash land," and in the Ohio Reports they are called the 
'* white clay districts. " It has also been known for some time 
that there are somewhat similar cla}' deposits in southern Ohio 
outside the glacial boundary. So far as I am aware these deposits 
outside the glacial l)oundary have never been correlated with the 
white clays that cover the southern portion of the glaciated dis- 
trict, nor has a common origin been ascribed to them. On the 
contrary, they have been attributed to quite distinct agencies and 
conditions in the one district from those which have been assigned 
in the other. The clays outside the glacial boundar}^ have been 
quite generally attributed to a submergence caused by the hypo- 
thetical Cincinnati ice-dam, while those within the glacial bound- 
ary, being evidently incapable of explanation on this hypothesis, 
have been attributed to organic agencies such as plants, earth- 
worms, ants, beetles, etc. , which bring fine material to the surface.* 

It is the aim of this paper to show that these deposits are syn- 
chronous, that they have a common origin, that that origin was 
independent both of ice-dams and of organic agencies, and, fur- 
thermore, that they furnish important evidence concerning the 
sequence of events in this region during the glacial period. 

In the summer and autumn of 1889, I made an examination of 
the portion of the upper Ohio region in the vicinity of the sup- 
posed Cincinnati ice-dam, extending my observations up the river 
as far as the point where the glacial boundary bears away to the 
northeast. Careful comparison w^as made between the white clays, 
or silts, on Beech Flats and adjacent districts in Pike, Highland 
and Adams counties, Ohio, lying outside Wright's glacial boundary, 

*The greater part of the literature, relating to these clayp, and also that 
relating to the Cincinnati ice-dam, is comprised in the following refer- 
'ences * 

E. Orton, Geology of Ohio, Vol i, 1873, pp. 444 446. 

E. T. Cox (and associates), The County Reports of the Indiana Survey 
pertaining to the southeastern counties of Indiana. 

G. F. Wright, Amer. Journ. Sci., July, 1883; CHacial Boundary in Ohio, 
1884, pp. 73-70, 81-86; Ice Age in North America, 1889, pp. 326-350; Bull. 
No. 58, U. S. Geol. Survey, 1890, pp. 88-104. 

I. C. White, Proc. A. A. A. S., 1888, pp. 212-218; Glacial Boundary in 
Ohio (Appendix) 1884, pp. 81-86; Amer. Jour Sci., Vol. 34, 1887, pp. 374- 
381; Bull. Geol. Soc'y Amer, Vol. i, 1890, pp. 477-479. 

J. P. Lesley, Penn. Second Geol. Survey (Z), 1884, pp. ix to xr. 

E. W. Claypole, The Lake Age in Ohio, Trans. Edin. Geol. Soc*y, 1887. 
T. C. Chamberlln, Bull. No. 58, U. S. Geol. Survey, 1890, pp. 17-38; Bull. 

Oeol. Soc'y Amer., 1890, Vol. i, pp. 472-475, 478-479. 

F. Leverett, Proc. Boston Soc. Nat. Hist., Vol. xxiv, 1890, pp. 455-459. 
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and attributed by him to a submergence occasioned by an ice-dam 
at Cincinnati, and those which cover the glacial drift further west. 
No essential diflference of any kind could be detected. In both 
localities the clay has a depth of 2 — 5 feet, is nearly free from peb- 
bles and coarse grains, and is usually so compact as to be almost 
impervious to water; sandy pockets occur in it, and there are 
places where the clay seems to graduate into a sand or fine gravel 
it also frequently exhibits indistinct lamination. Such pebbles as 
occur are either cherty or are of distant (mainly Canadian) deriva- 
tion, no limestones having been observed. The clay contains 
very little calcareous material. The absence of limestone pebbles 
and the small amount of calcareous material maj^, however, be 
due to removal by leaching subsequent to the deposition. Con- 
cretions of iron oxide are common and conspicuous features, 
occurring in the form of balls in all sizes from one-half inch or 
more in diameter down to barely discernible grains. The follow- 
ing result of a chemical analysis of the clay confirms the evidence 
derived from an examination of the coarse particles of the deposit. 
The analysis was made by T. G. Wormle3% a chemist of the Ohio 
Survey, and the specimen is from western Highland count}' which 
lies within the glaciated district. It appears in the Geology of 
Ohio (Volume i, page 445): 

Water combined 5.54 

Silicic acid 62.60 

Alumina 18.90 

Sesquioxide of iron 6.80 

Manganese. 0.20 

Phosphate of lime 0.63 

Carbonate of lime 1.89 

Carbonate of magnesia 1.82 

Potash and soda 2.82 



Total 10010 

Specimens of the clays covering Beech Flats, in Pike county, 
Ohio, and of those covering the till in Highland county, 15-20 
miles back from Wright's glacial boundary, have been submitted 
to Prof. R. D. Salisbury for microscopic examination. He finds 
no essential diflference in the specimens. In both situations they 
consist mainly of quartz grains, among which are feldspar frag- 
ments, Ixomblende and possibly epidote and augite ; there are also 
minnte iron oxide • concretions and coarse grains of chert. The 
materud is largely angular, even when the grains are of sufficient 
siie to have been liable to rounding under favorable conditions. 
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Not only are the clays of these two localities similar in macro- 
scopic and microscopic aspect, but they form a practically con- 
tinuous sheet extending from the Beech Flats and adjoining low. 
lands outside Wright's glacial boundary westward onto the glacia- 
ted districts of southwestern Ohio, northern Kentucky and south- 
eastern Indiana, occupying the site of the hypothetical Cincinnati 
ice-dam and showing as strong development below (west of) the 
site of the supposed dam as they do above it. The fact that these 
clays cover a part of the glaciated district proves that their dep- 
osition occurred subsequent to the time of maximum glaciation, 
and their distribution shows that the ice-sheet nowhere reached 
the Ohio river while they were being deposited. It is evident, 
therefore, that their deposition cannot be attributed to an ice-dam 
on the Ohio at Cincinnati or at any point below. 

A feature of much importance in connection with these white 
clays is a black soil with leached and highly oxidized subsoil 
which immediately underlies them. The structure of this soil 
corresponds with that of the underlying drift sheet and as a rule 
it appears to be inseparable from it, though the weathering and 
the addition of humus has given it an aspect somewhat different 
from the unweathered portion of the drift. It is of very com- 
mon occurrence and indicates the lapse of a considerable interval 
between the retreat of the ice-sheet and the deposition of the clays 
Its presence effectually disproves the current theorj' that the white 
clay was derived through organic agencies, from the underlying 
sheet of glacial drift. 

It has been suggested that the presence of the white clays if 
not explicable on the foregoing hypotheses, might be explained on 
a theorj' of general submergence due to a depression of the region 
to sea-level, the main objection urged against this theorj' having 
been that it involves a great change in altitude. The facts now 
ascertained, however, remove this objection by indicating the 
occurrence of a depression of several hundred feet, but at the 
same time raise other and more serious objections to the theorj' 
of general submergence. It is scarcely probable that a body of 
water of the magnitude indicated, involving as it must have done 
considerable time in its incursion and withdrawal, would leave 
no shore lines sufficiently marked to have attracted notice, but so 
far as I am aware none have been reported. Furthermore presi- 
dent Chamberlin informs me that he has personally examined 
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portions of the states in which, on this theory, such shore lines 
should occur, and not only found none, but discovered no evi- 
dence of any kind to indicate the presence of such a body of 
water. It seems necessary therefore to look further for a solu- 
tion of the problem. 

Comparison has shown a marked similarity between the white 
clay deposit of the Ohio, and the great silt deposit of the upper 
Mississippi. All the phenomena of structure and distribution 
indicate that they originated under similar conditions. This being 
the case it is evident that a hypothesis which would account for 
the phenomena of the Mississippi region, would also account for 
those of the Ohio, so for a solution of the problem we need only 
apply, to the latter region, an explanation which has proved sat- 
isfactory in the former. A detailed study of the upper Missis- 
sippi region, particularly of that part of it which borders the 
driftless area, was made several 3'ears ago by Chamberlin and 
Salisbury, and led them to the conclusion that the distribution of 
the loess and associated silts and ' clays is best explained on a 
hypothesis of fluvio-lacustrine deposition.* Evidence was found 
that the altitude of the region was much below the present per- 
haps not far above sea- level, but instead of its being occupied 
by an inland sea, it is their conception that the valley's became 
silted up so that at the maximum of depression they were occu- 
pied by shallow, perhaps marshy, lake-like rivers many miles in 
width, whose waters moved slowly seaward from the edge of the 
melting ice-sheet. The constitution of these silts shows a direct 
derivation from glacial waters. The presence of shells of land 
mollusca in the silts, indicates that the region was subject to occa- 
sional or periodic overflow rather than to perpetual and deep sub- 
mergence. 

The applicability of this hypothesis to the Ohio region may 
be made more clear by a consideration of its application to a part 
of Illinois, where similar phenomena occur, but under more simple 
conditions. For nearlv a hundred miles north from the extreme 
limit of glaciation in that state, and extending from the Missis- 
sippi river eastward to the hilly districts of southern Indiana, 
there is a jjenerallv flat surface on which there are few, if anv, 

*"The Driftle88 Area of the Upper Mississippi Valley." By T. C. 
Chamberlin and H. D. Salisbury. 8ixth Ann. Rept. U. S. Geol. Survey 
pp. 211-216, 2T8-307. 
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morainic features, though there is a nearly continuous sheet of 
till. A large portion of this till sheet is covered by a white clay 
which we have correlated with the white clay of the Ohio region. 
It is similar to that deposit in structure and thickness, and over- 
lies an old land surface with soil and leached subsoil. It may 
prove to be connected with the Ohio clays by a practically con- 
tinuous sheet, the deposit having been traced across Indiana ex- 
cept in the driftless portion of the state which has not yet been 
examined. 

The north boundar}^ of this deposit is determined by a moraine 
of which it is apparently a dependency.* Northward from this 
moraine are several later ones, which were also formed under con- 
ditions of low altitude and slack drainage, as is shown by silt 
aprons which fringe their outer border. These moraines appear 
to have been formed in relatively rapid succession, no soil having 
been found separating the silts in their aprons from the under- 
lying till. They are succceeded on the north by a series of 
moraines which were formed under conditions of high altitude 
and rapid drainage as is shown by gravel aprons and gravel terraces 
leading southward from them. 

Returning to the Ohio district we find that the present north 
boundary' of the white clays of southeastern Indiana and south- 
western Ohio, is determined by a moraine, but evidently it is 
not the moraine with which the deposition was connected. That it 
belongs to a later period is shown by moraine headed terraces in 
neighboring valleys which contain gravel and sand, indicating 
clearly that they were formed under conditions of high altitude. 
How far the advance, marked by this moraine, extended beyond 
the one which produced the silts is not known. Two instances 
have been found where silts similar to the white clay occur be- 
neath the till of the later invasion at points a few miles north of 
the moraine referred to. At Greensburg, Indiana, which lies 
perhaps five miles from the border of the white clay district, 
Pres. Chamberlin found good exposures of fossil- bearing silt or 
loess beneath the till of the later ice-invasion (See Third Annual 
Report of the IJ. S. Geol. Survey, p. 333). x\t Wilmington, 
Ohio, which is also situated a few miles north from the north border 

♦A line connectiDg the followin^f cities will show approximately the 
distributioa of this moralDe: Litchfield, Hillsboro, Pana, Shelby ville, 
MattooD, Charleston, Paris and Terra Haute. 
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of the white clay district, the late Dr. L. B. Welch found in many 
wells, at a depth of about 30 feet and beneath the till of the newer 
drift, a loess-like loam containing fossils. As yet it is not certain 
that these overridden silts should be correlated with the white 
clays, but they are of much significance in showing that the ice in 
the later invasion encroached upon silt covered districts. 

The fact that the clay deposits become thinner toward the 
south and are gathered into the valleys, strengthens the view that 
the condition which obtained at the time of their deposition was 
one of overflow rather than of general submergence. In both 
Indiana and Ohio, the thickness at the border of the moraine is 
four or five feet, occasionally greater, and a gradual decrease is 
found in passing southward, the thickness on the interfluviai 
tracts in southern Ohio, 20-30 miles from the moraine, being 
little more than half as great. In Indiana I have made no exami- 
nations so far south of the moraine but am informed by Pres. 
Chamberlin, who has explored the drift covered region to some 
extent in the vicinity of the Ohio river, that there is scarcely any 
white clay on the interfluviai tracts for many miles north of the 
river. There is, however, loess-like silt, in small amount, along 
the Ohio below Louisville which he thinks may be correlated with 
these white clays. It is not improbable that the East White 
river carried a large amount of water from southeastern Indiana 
at the time the white clays were being deposited. The white 
clays have been traced down its valley to the point where it 
enters the driftless portion of southern Indiana, and they have 
there as strong a development as anywhere in that part of the 
state. 

From facts presented in the above discussion it appears that 
the white clays and the moraines with which they are associated 
have a distinct chronological position, being separated from the 
earliest glaciation by an interval during which the till sheet was 
undergoing oxidation and leaching, and from the last glaciation 
by an interval during which a marked change in altitude occurred. 
Equally strong evidence of the occurrence of these inter\'als is 
found in the character of the drainage and the degree of erosion 
As to the relative length of the internals, we can at present offer 
no opinion, little l)eing known as to the length of time involved 
in the changes by which they are denoted. 
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THE RELATION OF SECULAR DECAY OF ROCKS 
TO THE FORMATION OF SEDIMENTS.* 

Ralph S. Tabr, Ithaca, N. Y. 

CONTBNTa. 

I. Secular Di»integTation. (b) Derived by S urface Wash. 

(a) Conditions of Decar. (c) Derived by Wind Action. 

(b) Characteristics of Re^idnal Soils. (d) Derived by Ice Action. 

(c) Distribution of Residual Soils. (e) Derived by River Action. 

II. Formation of Sediments. (f) Derived by the Sea direct, 
(a) General Statement. (g) Summary. 

/. Secular Disintegration. 

(a) Conditions of Decay. 

Rocks are composed of minerals in greater or less variety both 
as to character and quantity, and the decay of rocks depends upon 
both the chemical and mechanical weakness of the material. 
The chief factors in rock disintegration are the mechanical ef- 
fects of heat, frost and organic life, and the chemical decay of 
minerals. 

Quartzose rocks decay with extreme slowness and their disin- 
tegration is chiefly mechanical. Limestone disappears rapidly, 
but soil accumulates slowly because of the solubility of the com- 
ponent minerals, the insoluble impurities alone remaining. Slates 
and other clay rocks, being themselves largely composed of resid- 
ual products, and hence not subject to extreme chemical altera- [__ 
tion, produce soil slowly except by mechanical means. The rocks 
best fltted for rapid and extensive production of residual soils 
are the crystalline rocks both of igneous and metamorphic origin. 
This is particularly the case with those rich in the lime soda 
feldspar, hornblende and the like. These are broken up by decay 
into the less soluble silicates and the soluble protoxide bases. 
Since a given quantity of a very easily destroyed rock, such as lime- 
stone, disappears quickly, but leaves a small residuum, whereas the 
same quantity of a less soluble rock disappears more slowly but 
with greater residual product, the resulting amounts of residuum 
in the two cases, in a given time ma\' not be widely different. 

The chemical decay of rocks goes on often to a very great 

♦This essay was prepared for another purpose, and is in the main an 
abstract of the present knowledge on the subject. The scattered state 
of the literature on Secular Disintegration, and the general interest of 
the subject, has prompted me to publish this summary where it will be 
accessible. 
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depth, and in many regions a deep residual soil has been the 
result. The best conditions for the formation of such a soil are 
a moist climate and a region of abundant vegetation which sup- 
plies to the percolating water the necessary acids with which the 
chemical alteration of minerals is advanced. It seems also that 
secular decay proceeds more rapidly in warm than cold climates, 
though of this we have as 3'et no fair test, since the regions in 
the north so far studied have been recently glaciated and their 
residual soils removed. Theoretically this should be a factor of 
importance, for the abundance of decaying vegetation, the amount 
of rainfall, the duration of time when, through absence of frost, 
the water can percolate into the soil from the surface, and the 
greater temperature of the water in warm countries are all in 
favor of the greater activity of rock decay in such regions. 

{li) Characteristics of Residual Soils. 

The ultimate result of secular decay is essentially a soil of un- 
iform character, whatever the nature of the rock ma}' be. This 
is so because as the process continues chemical alteration proceeds 
to the last degree, the greater part of the soluble salts are re- 
moved, and only the insoluble parts remain, and these are quite 
uniform in character. Thus Cuamberlain and Salisbury* state 
that in the driftless area of Wisconsin the residual soil on the 
sandstone differs but little from that on the limestone except that 
it is compact on the surface and more siliceous below. 

The immediate product of deca}-, however, depends largely 
upon the character of the source. According to professor Pum- 
pellyt granites, syenites, gneisses, diorites, etc., produce argil- 
laceous sand or sandy clay ; porphyries, basalts, trachytic rocks, 
etc., produce ferruginous clays; impure limestones and dolomites 
undergo the greatest shrinkage leaving masses of sandy clay, 
often with chert; and calcareous sandstones and clays also leave 
sands and clays. 

A residuum from secular rock-disintegration consists, in its 
best development, of several zones, grading insensibly down- 
ward into the undecomposed rock. On the surface it is a clay, 
more or less siliceous, composed almost entirely of insoluble 
minerals in a ver}' fine state of division. This zone extends as 

*8ixth Annual Kept. U. 8. Geol. Survey, pp. 240-58. 
tAm. J. Sci. 1879, xvir, pp. 133-144. 
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far down as thorough decay has extended. Below this the clay 
contains a greater percentage of soluble salts, is less finely divided 
and often contains undecayed masses of rock. Chert and pieces 
of quartz of moderate size are found in regions capable of sup- 
plying such substances, while in some of the soils derived from 
such igneous rocks as granite and basalt weathered and rounded 
boulders of disintegration, often fresh in the core, are common. 
This gradually passes into the quite thoroughly disintegrated but 
not completely decayed rock, where all the minerals are present 
in original form, if not in substance, and where the original 
structure may be plainly traced, although the rock is as easily 
torn to pieces as so much unconsolidated clay. When this occurs 
in rocks of metamorphic origin^ the planes of schistosity are often 
as well defined as in the original unaltered rock. This by de- 
grees grades into the perfectly fresh unaltered rock. 

(c) Distribution of Residual Soils. 

Such soils as the above are found in various parts of the 
world. In northern Europe and northern America they are 
absent, having been swept from the surface by the continental 
ice sheets. In America, in the Hoosac mountains, in western 
Massachusetts, the rock was found, in the western end of the 
Hoosac tunnel, to be deeply disintegrated, though no residual 
soil was found.* 

At several points in southern Massachusetts, decay in the plu- 
tonic rocks is quite marked; and at Middlesex Fells, west of 
Cambridge, a diabase dike is deeply disintegrated, in places to a 
depth of twenty feet, to a gravel which can be easily worked 
with a shovel, t Rounded boulders with an undecomposed core 
are present in this mass. Similar cases occur in the very much 
rifted granite of Essex and Cape Ann, Mass. , X and these cases 
are post glacial, the disintegration being the same in glacially 
transported boulders as in the bed rock. In the Middlesex Fells 
dike the roches moufonees surface of the decayed diabase still 
retain the glacial striw. These facts show how rapidly disinte-> 
gration may proceed, even in a cold climate, in rocks of weak 
chemical composition. The process is not complete in these in- 

*Hunt. Am. J. 8ci., 1883, xxvr, 190-213. 

tFirst noticed by Mr. J. B. Woodworth, of Harvard University. 

^haler, Ninth Ann. Kept, U. 8. Geol. Survey, p 507; Tarr, Am. J. Sci., 
April, 1891. 
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stances, for so far it has gone no farther thsin mere disintegra- 
tion. The production of a residual soil is a much slower process. 

The case of the Hoosac mountains mentioned above, may be 
one in which a preglacially decayed rock has remained unre- 
moved through the entire period of ice erosion. Whether this 
be so or not we have in the driftless area of Wisconsin, a very 
remarkable instance of a pre or interglacial residual soil in a 
region which was surrounded b}' ice, though itself untouched by 
the ice.* In this area there is a widespread clay, quite unlike 
drift clays in that it is never stratified, and contains no angular 
fragments. It is an exceedingly tenacious clay, retaining mois- 
ture, and when it dries forming a **joint clay." The grains of 
silica are somewhat dissolved and etched by solution and weath- 
ering, the alkaline bases are entirely decomposed and the more 
soluble residues removed, while only soluble substances remain. 
From the decayed limestone and dolomite strata, the lime and 
magnesia, together with such alkalies as may have been present, 
are dissolved away, the mechanically included foreign materials 
alone remaining. The average depth of this residuary material 
over the driftless area is 7.08 feet. 

A more marked case of secular decay is found in the Atlantic 
coast states south of the glacial belt.t The mica schists of 
Pennsylvania and Marj'land are often disintegrated to a depth of 
from fifteen to thirty feet, but the rock is merely disintegrated, 
not decayed, hence residual clay is not common. In Virginia 
and the Carolinas the rocks are often decayed to a depth of one 
hundred feet. Of this region. Dr. Hunt sayst that the rocks 
^'are often covered to a depth of a hundred feet or more, by the 
undisturbed products of their own decomposition, the protoxide 
bases having been removed by solution from the feldspars, the 
hornblende and the whole rock, with the exception of the quartz- 
ose layers, reduced to a clayey mass, still, however, showing in- 
clined planes of stratification. " 

Other writers have described the same region. RussellJ men- 
tions a dolcrite dike in the Triassic sandstone of North Carolina, 

♦Chamberlain and Salisbury. The Driftless Area. Sixth Ann. Kept. 
U. S. Geol. Survey, pp. 240-258. 

tUussell. Subaerial Decay of Rocks, etc. Bull. No. 52, U. S. Geol. 
Survey, 1889. 

JChemical and Geological Essays, 1871-73, pp. 187, 250. 

§Bull. 52, U. S. Geol. Survey, p. 12. 
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which, though originally so hard that it will ring under the ham- 
mer "has been transformed to a yellowish clay that can be moulded 
like putty. Fresh sections to a depth of forty feet show this de- 
cay to the bottom, but the enclosing walls of sandstone show no 
alteration. The resulting product is essentially a kaolin with 
about seventeen per cent, of ferric oxide. * 

Among the other instances of secular rock decay in the United 
States might be mentioned that of the Ozark mountains of Mis- 
souri, described by Prof. Pumpelly. t Here the secular dissolving 
away of the limestones, which carry from two to nine per cent, of 
silica and clay, has left residuary products varying in thickness 
from twenty to one hundred and twenty feet. 

The best development of secularly decayed soil is in the trop- 
ics. In Nicaragua such decay has often reached to a depth of 
two hundred feet, according to Thomas Belt, who says that this 
kind of decay is common in the tropics and is chiefly confined to 
regions of forest. I 

The remarkable decay of the rocks in Brazil, which, with the 
associated phenomena, led Louis Agassiz to ascribe its accumula- 
tion to glacial action has been described by various writers. Dar- 
win statesj that in the vicinity of Rid^aniero both the granitic 
(metamorphic?) rocks and talcose slates are decayed to a great 
depth. Every mineral except the quartz is softened sometimes to 
a depth of one hundred feet, but the foliation of the rock remains. 
Appalled'by the vastness of the phenomenon, seemingly unlike any- 
thing at present in operation, he ascribed its formation to action 
beneath the sea. Of the same region Hartt says|| that the gneiss 
hills are covered with a coat of red soil, structureless and unar- 
ranged, varying in depth from a few feet to one hundred feet. 
Sometimes there are included in the clay angular fragments of 
quartz and rounded masses of diorite, generally quite decomposed 
except at the very core. The gneiss beneath is decomposed to a 
depth of from a few feet to one hundred feet, the feldspars hav- 
ing been altered to kaolin, the mica having parted with its iron, 
but the planes of stratification still remaining. 

^Insoluble alumina Al, O, and Fe, O, increase, but 8i O,, Ca O, Na^ 
O, Fe 0, etc., decrease by this decay. 

fAm. J. Sci , 1879, xvii, 133-44. 

^Naturalist in Nicaragua, 1888, p. 86. 

§Geological observations, p. 427. * 

j Geology and Physical Geography of Brazil, 1870, pp. 28-26. 
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In India there is a remarkable deposit of clay, called laterite, 
the origin of which the Indian geologists have not yet definitely 
determined.* It is a red, sometimes mottled, porous, argillaceous 
rock much impregnated with iron peroxide and sometimes resemb- 
ling jasper, but not so hard as a purely siliceous mineral. It is 
often traversed by tubes, sometimes vertical, sometimes horizon- 
tal, and sometimes irregular, which are filled with clay. The rock 
when first quarried is so soft that it can be cut out with a pick; 
but it hardens greatly on exposure. There are two kinds of lat- 
erite, the ''high level" and '*low level/' which in places seem to 
grade into one another, but which in their extremes are quite dis- 
tinct, for the former is rarely stratified, while the latter is most 
commonly banded and bears evidence of marine origin. The low 
level laterite will be considered under the discussion of sediments 
derived from secular decay. 

The upper laterite often passes insensibly into the underlying 
rock, whether it is igneous, metamorphic or sedimentary, the 
transition form being called lithomarge. Sometimes, however, 
the dividing line between lithomarge and bed rock is quite marked. 
The laterite is quite indestructible and the region occupied by it 
is generally barren. Its thickness varies from fifty to two hundred 
feet. The high level laterite occurs as high as 4, 700 feet above 
sea level and is found chiefly on the traps of the Decern plateau, 
though it also occurs on the older rocks several hundred miles from 
any traps. It must formerly have been much more extensive and 
perhaps formed a continuous sheet, though now verj' much dis- 
sected by erosion. 

As to its origin, no definite conclusion is arrived at by the auth- 
ors, though the low level laterite is believed to have been derived 
from the upper laterite partly by the action of the wind, partly by 
stream action. One suggestion in regard to the origin of the high 
level laterite is that it has been derived from the decay of a ba- 
salt sheet formerly more extensive. Numerous obections are 
found to this theory, chiefly the difldculty of accounting for such 
a sheet in many places where laterite is found. Another sugges- 
tion is that it represents the decayed product of a vast sheet of 
volcanic ash deposited during the formation of the Deccan traps. 
This theory the authors seem to think the most probable one thus 

♦Medlicott and Blanford, A Manual of the Geology of India, 1879, 
Vol. I, p. 348. 
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far offered, though it is confessedly offered merely in the effort to 
suggest something plausible and is quite without facts in its sup- 
port. 

Strangely enough, origin by secular disintegration is not dis- 
cussed, though it may have been considered and found inapplica- 
ble for reasons not set forth in the treatise. To offer an expla- 
nation of a phenomenon simply upon the basis of the description 
of the phenomenon by others is extremely hazardous, and it is 
with much hesitation that I make the suggestion that the laterite 
may be the product of secular disintegration. So far as the de- 
scription goes, it may well be of this nature. It is an indestruct- 
ible clay of nearly uniform character sometimes grading down- 
ward insensibly into the rock below. As has been stated, resid- \ | 
ual soils differ but little according to the nature of the source 
from which they have been derived, and the uniform character of 
the laterite may thus be accounted for as well as its occurrence on 
both basalt and gneiss. The description tallies remarkably well 
with that of the residual soils of the southern states and Brazil. 
By removal into basins and valley's through subsequent denuda- 
tion a stratified product might well result, and, when carried to sea 
and deposited, a rock like the low level laterite might be expected. 
This would account for the apparent gradation of the **low level" 
laterite into the *'high level" form. 

Enough has been said of the occurrence of residual soils to show 
that they are extremely widespread. They occur wherever con- 
ditions have been favorable. Given a moist climate in a region 
of slight topographic diversity and the conditions for the accumu- 
lation of a residual soil are brought about; and, if time is allowed 
such a soil will accumulate. In a mountainous region of diverse 
topography, little soil can accumulate, for it is washed off as rap- 
idly as formed. In such regions the decay of rocks, and the con- 
sequent production ot sediments is probably more rrpid than in a 
region whose rocks are protected from frost and other sub-aerial 
agents by a blanket of residual soil. Also, in arid regions, resid- 
ual soils do not readily form, partly because of the general ab- 
sence of humidity and vegetation, and partly because the soils 
which do form are quickly removed, either by wind or water, on 
account of the absence of protective vegetation and the general 
aridity. 
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//. Formation of Sediments, 
(a) General Statement, 

Products of rock disintegration and decay may aid in rock for- 
mation in either of six ways: 1st, they may remain in place and, 
unmoved, be buried beneath sediments, — such may be the 
fate of any of the residual soils at present exsting; 2d, they 
may be transported a short distance by * ^surface wash" or * *creep, " 
as in arid regions; or, 3d, they may be removed by wind; or, 4th, 
by ice; or, 5th, by rivers; or, 6th, by the sea. These will be 
taken up for consideration in their order. The first needs no es- 
pecial mention, other than that already given it. One case where 
the products of disintegration have been buried in place, chiefly 
under their own overlying, decayed material, removed but a short 
distance, will be described in the latter part of the essay, under 
the discussion of sediments derived by the action of the sea di- 
rect. 

{h) By Surface Wash. 

Peculiar conditions exist in arid regions. Thorough rock de- 
cay is rarely if ever found in such places, for the reason that the 
essential elements of water and vegetable acids are not present in 
any considerable quantities. A certain amount of disintegration 
takes place, but there is little vegetation to hold the soil in place, 
and its almost constant dryness makes it an easy prey to the 
wind, by which the finer particles are blown hither and thither. 

The peculiarity of rainfall brings about another condition — the 
phenomenon of surface wash or creep. The rare rains which fall, 
generally come in copious downfalls, and, as they fall on a sur- 
face which is parched and dry, they are often very quickly ab- 
sorbed by the soil. Such desert regions are, as a rule, not occu- 
pied by well established drainage ways. The rains which are 
sufficiently copious to run off are rare, and the channels which 
they carve are often partially obliterated before another such rain 
occurs. There are broad tracts on which the rain finds no well 
established water-ways b}^ which to escape. As it soaks into the 
parched, barren, and generally sand}' soil, it tends to flow down 
the grade, and, in so doing, to carry some of the soil along with 
it; but often before the force of the accumulating waters is sufl3- 
cient to carve distinct channels, the rains have ceased. Floods 
from violent cloudbursts in such places frequently become a mov- 
ing mass of mud at their lower course. 
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The general effect of such conditions in arid regions of mod- 
erate slope is to produce great deposits of loose gravels extend- 
ing far out from the mountain bases. These are not properly 
talus deposits, nor are they of the cone delta type, but are inter- 
mediate between the two and with some of the characters of each. 
They are found in the arid regions of the west about the base of 
mountains, buttes and mesas and often merge into cone delta 
deposits. I have seen walls of recent construction partly buried 
beneath this wash in the mesa region of eastern New Mexico. 

Blanford* describes remarkable depbsits of this character in 
Persia. Great gravel slopes in that country extend from the base 
of the mountains far out into the desert, often five or ten miles 
from their source. The foot hills are often quite buried beneath 
these gravels which bear some resemblance to lake deposits, but 
do not appear to be of this character. The angle of slope is from 
one degree to three degrees, there being sometimes a difference 
in elevation of from one to two thousand feet between the lower 
and upper ends. Much of the region is thus covered, and the 
thickness of the deposit is often several hundred feet. Near the 
source it is a coarse conglomerate, changing progressively down 
the slope to a gravel, and then to a sand, the latter covering the 
great desert flats and probably being in large measure trans- 
ported thither by the wind. Blanford explains the gravel slope 
as a surface wash, the result of the conditions of aridity, and 
rare, concentrated rains, in the manner described above. 

Similar deposits occur in India, and it is not impossible that 
the great gravel slopes of Patagonia ascribed by Darwint to ma- 
rine action may be in part of the same origin. The same condi- 
tions are imitated in a small way, in moist regions, on ploughed 
fields on hill side^. Instances of the downcreeping of the soil 
in these places are very common, and often the total result of a 
few years of such creeping is quite appreciable. 

By a change in climatic conditions, and the development of 
river systems in these desert regions, much prepared load ready 
for transportation, will be found in these deposits; and the en- 
croachment of the sea upon the gravel slopes would admit of a 
rapid deposition of extensive deposits by the working over of 

♦Superficial Deposits in the Valleys and Deserts of Central Persia, 
Quart. J. Geol. See., 1873, xxix, 493-503. 

•fDarwin, Geological Observations. 
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these. Some of the delta-like deposits of Tertiary i^e in the 
Himalaya mountains may be of this origin. 

Very similar to and grading into these deposits are the cone 
deltas or alluvial fans of arid regions. They result from the ina- 
bility of the streams to carry their load any farther. This is 
sometimes brought about by the absorption of the water by the 
soil, or by evaporation, when forms resembling gravel slopes are 
produced; but most commonly the decrease in carrying capacity 
is the direct result of the decrease in river slope. For this rea- 
son such deposits exist most commonly at the foot of mountains, 
opposite the ravines, forming a cone shaped delta. These alluvial 
fans often unite with one another by means of talus deposits, or 
by the surface wash, or even by actually meeting in their growth. * 
In the discussion of a paper on secular disintegrationt by profes- 
sor Pumpelly, Mr. Gilbert calls attention to these deposits in the 
arid regions of the west, particularly of the Great Basin, which 
are derived b}' processes chiefly mechanical and involving little 
rock decay. They accumulate in the valleys and at the foot of 
mountains, in alluvial cones needing only cementation to become an 
extensive conglomerate. 

(c) By Wiml 

Any one familiar with the conditions in the arid regions knows 
of the great importance of the wind as a transporting agent. 
Scarcely a day passes during which more or less sand and dust is 
not blown about; and very frequently great dust storms occur, 
during which much sand is transported, often to a great distance. 
Prof. Pumpelly statest that in a simoon the driving dust and sand 
hides the country- under a mantle of impenetrable darkness and 
penetrates every fabric. It often destroys life by suffocation, and 
in places leaves a deposit several feet deep. Such wind blown 
material may find its way to the sea direct, or into streams and 
thence to the sea; but more commonly it remains on the land. 
The importance of this means of transportation is not fully 
known, for the subject has never been carefully investigated; but 
when it is so studied, it will undoubtedly be found to be a verj' im- 
portant source of material for the formation of rocks. 

♦For a complete discussion of these deposits I refer to the following 
sources: Drew, Quart. J. Geol. Soc., 1873, xxix, 441-471. Gilbert, Mon- 
ograph I, U. S. Geol. Survey, 1890. 

tBull. Geol. Soc. Am. 1891, 11, 224. 

JSecular Rock Disintegration. Am. J. Sci., 1879, xvii, 133-144. 
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An important contribution to this subject has been made by 
Baron Richtofen,* who tries to explain loess in China by this 
process. The loess in that country and in other parta of the 
world has long been a puzzle to geologists, and various attempts 
have been made to account for its origin, though as yet no thor- 
oughly satisfactory general theory has been advanced. It is 
probable that loess is derived in a variety of ways, and the solu- 
tion of the problem of its origin has perhaps been delayed by 
the attempt to find a universally applicable hypothesis. 

In northern China the loess covers several hundred thousand 
square miles, often attaining a depth of two thousand feet. It 
is a calcareous loam, easily crushed to an almost impalpable pow- 
der, wholly unstratified and 'containing only land fossils. These 
facts seem to prove quite conclusively that it is not of marine ori- 
gin, and the fact that it is found in the loftiest passes, as high as 
8,000 feet above sea level, seems to prove that it is not lacustrine. 
It is found to contain innumerable vertical tubes which, it has 
been suggested, may be the casts of grass stems; so abundant 
are these that the rock cleaves vertically, and when, by the ero- 
sion of streams, through sapping or undermining, great blocks 
fall oflf, vertical cliffs remain. 

Richtofen believes that these vast deposits are wind blown in 
origin. A ' 'central area" is one in which evaporation exceeds 
precipitation. The in-blowing winds, aided by surface wash, 
transport the finely divided materials into such a region. The 
steppe vegetation characteristic of such a region would help to 
catch and hold the fine dust, and this grass, buried beneath the 
seolian deposits might leave by their casts such tubes as are 
found in the loess. Briefly this is Richtofen's theory for the 
origin of loess in China. Professor Pumpelly accepts this theory 
and extends it to explain the loess of Missouri, t In order 
to account for the great amount of material, which seems in 
ex(;ess of rock disintegration, he supj)oses that rivers charged 
with products of glacial attrition carried to the region material 
for the winds to transport. 

Professor Pumpelly calls attention to the fact that, while there 
is much secularly disintegrated material in southern Asia, the 
feldspathic rocks of northern China and central Asia are as free 

*China. 1877, i, 56-189. 

tSecular Rock Disintegration, Am. J. Sci., 1879, xvii, 138-144. 
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from it as are the rocks of New England, which have been swept 
clear of all such material by the recent ice advances. More- 
over the bare granite rock contains depressions seemingly dae to 
erosion, without outlet, and varying in size from a few yards to 
several thousand feet,* and apparently the result of differences 
in rock texture. Such depressions would be expected to exist at 
the base of an area of secularly decayed material. From these 
facts the author argues that we may have here a source for the 
assumed aeolian deposits of the loess. If it is assumed that 
China was exposed to the conditions which southern Asia has 
undergone, the country must at one time have been covered by 
a well marked residual soil. None now remains and it must have 
been swept away by some agent. Not b}* the sea, for there is no 
evidence of a marine incursion, nor by ice action, for evidences 
of the existence of glaciers are entirely wanting. The agency of 
the wind alone appears to remain to account for this change. A 
•change in climatic conditions from moist to dry would set to 
'work this powerful agent of transportation. 

By such a transformation a series of deposits are rendered pos- 
sible. The finest material driven great distances by the Wind 
would finally settle and remain and accumulate under the protec- 
tion of the steppe grasses in the region intermediate between the 
arid interior and the moist coast climates, forming a deposit not 
unlike loess; the coarser sands would form the drifting desert 
sands; and the still coarser parts would remain behind and form 
the characteristic coarse stony steppes. The conditions in China 
seem to suggest the plausibility of this explanation. 

Purapclly offers a similar explanation for the loess of the trans- 
Mississippi regions. During early times the region of the Rocky 
mountains must have Ijeen the seat of secular disintegration, though 
now none of its products remain in place. The present aridity and 
prevailing west winds may account for its removal and for the 
presence of loess as far east as Kansas. The loess deposits of the 
Rhine and of the Central states may have been accumulated by 
ffiolian action, but in these cases the supply may more likely have 
been glacial flour which itself may have l^een derived by the gla- 
cier from secularly decayed soils. 

♦Pumpelly, Geological Researches in China, etc., Smith'n Contr. 
Knowledge, XV, Art. 4, 2«, 72, 73. 
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Chamberlain and Salisbury, speaking of the loess of Wisconsin* 
describe it as neither a sand nor a clay, but intermediate between 
the two, being generally coarser than residuary earths. The par- 
ticles are, however, angu}ar and irregular as in the case of resid- 
uary earths. Its depth in that region is from ten to fifteen feet 
over a wide area. 

These considerations are in the main theoretical, but the theory 
has much to commend it, since it accounts, apparently in a satis- 
factory manner, for a most puzzling series of deposits. 

{d) By Ice, 

The movement of a sheet of ice over a region which had been 
subjected to secular disintegration would result in the removal of 
the loose, decayed rock, which would furnish to the ice great 
quantities of sediment. During the melting of the ice, and at all 
times at its front the streams would be furnished with great bur- 
dens of sediment, which, either deposited in the valleys or car- 
ried to the sea, would aid greatly in rock formation. The final 
disappearance Of the ice would leave the surface of the country 
littered with unstratified drift. 

Something of the same condition would result from the passage 
of an ice sheet over an undecayed rock, ])ut the materials supplied 
would be less in amount. Ice cannot cut without tools. Leaving 
out of consideration valley glaciers,! there are but two ways with 
which ice can be supplied with cutting tools, one by the loose ma- 
terial which it can pick up, the other by actually rending rocks 
asunder. The former supply ceases when the zone of disintegra- 
tion is passed and the latter soon follows. The erosive action of 
ice is to round, smooth and polish the surface over which it passes 
and thus to lessen the possibility of obtaining a supply of cutting 
tools. As the period of ice occupancy of a land continues, its 
power of erosion must diminish and finally become almost noth- 
ing. It will slide over rounded surfaces practically without any 
destructive effect and the streams will issue from Its front with a 
very slight load of sediment. 

The great mass of detritus left by the ice of the glacial period 

♦Driftless area of Wisconsin. Sixth Annual Kept. U. 8. Geol. Survey, 
278-307. 

tin valley glaciers and in continental glaciers where mountain peaks 
project above the ice, detritus is furnished as a talus from the cliffs. 
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has been a source of perplexity to many geologists and early led 
to a greatly exaggerated notion as to the amount of rock actually 
removed. Subsequent studies have shown that the pre-glacial to- 
pography remains with remarkable distinctness where not buried 
beneath glacial accumulations, and, c^insequentl}', that but little 
bed rock has been removed. Moreover, the case of the Hoosac 
mountains, described alx>ve, shows that in this place at least the 
original pre -glacially decomposed rock has not been all removed. 
If now it be assumed that in pre-glacial (or inter-glacial) times a 
considerable accumulation of secularly decayed rock existed upon 
the surface, the present accumulations ma}' be accounted for 
without supposing a great deal of planing down of the rocks 
themselves. By this view the ice has acted more as a transporter 
of detritus already prepared than as a producer of such detritus. 

Moreover, this view of the glacial conditions also furnishes an 
explanation (in pait at least) of that much discussed question of 
the origin of rock basins in glaciated regions. It yet remains to 
be proved that ice can, on a large scale, gouge out depressions. 
That under peculiar circumstances this is done is unquestioned, 
but that all or even a large per cent, of rock basins are the re- 
sult of this action is not yet satisfactorily demonstrated. In a 
region of secuhir disintegration the rock surface would necessarily 
be irregular and one containing numerous basins where rock of 
an easily disintegrated nature exists. 

Pumpelly* suggests this point and accounts for similar basins 
in China by the action of wind in removing secularly decayed ma- 
terials. Chalmers, t speaking of the rock basins of New Bruns- 
wick, says: ^'These lake basins have evidently been formeil by 
the sub-aerial decay of the rocks in situ in Pre-Quaternary times, 
the softer limestones, graphitic schists and ferruginous rocks 
having been more deeply acted upon than the gneisses and fel- 
sites." How far this idea can be extended by actual demonstra- 
tion is not at all certain for it has not been given the careful at- 
tention which it deserves. Secular decay undoubtedly produces 
just such forms, for it has regard chiefly for the chemical dura- 
bility of the rock. 

In their description of the driftless areaj Chamberlain and Sal- 

*Am. J. Sci., 1879, xvii, 133-144. 

tHept. Prog. Canada Geol. Survey, 1885, i, 17 GG. 

JSixth Ana. Kept. U. S. Geol. Survey, 249. 
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isbury make the point that the glacial deposits of Wisconsin are 
not derived from a secularly decayed soil. They state that resid- 
uary products are almost completely robbed of alkalies, contain- 
ing chiefly quartz, undecomposable silicates and ferric oxide. 
Drift clays, on the other hand, are calcareous, and in some of 
these clays there is forty per cent, of magnesian limestone. ' 'The 
drift clays are, in short, rock flour, and not, as are the residuary 
earths, the products of rock rot." 

I think that this argument is not valid, for the reason that but 
a small part of secularly decayed rock consists of residual soil. 
Beneath the surface it becomes more and more like the rock from 
which it has been derived and finally passes insensibly into it. 
This last must have been the material with which the ice was work- 
ing in its last stages. Moreover, in places, perhaps over the 
greater part, the ice was then at work on the undecayed rock, 
and the churning up of this with the products of disintegration and 
secular decay might readily introduce a large element of calcare- 
ous matter. 

{p) By Rivers. 

Residual soils can accumulate only where decay is in excess of 
denudation. Regions of considerable topographic diversity are 
generally free from accumulated soils and these soils are most lia- 
ble to form where the streams are not rapidly eroding. As an 
instance of this reference may be made to Mr. Russell's paper* in 
which it is stated that where erosion is rapid, in the south- 
ern Piedmont region, owing to the more rapid solution of certain 
limestones, and the consequent standing out of other rocks, no 
residual soil remains. The presence of vegetation aids greatly in 
the retention of such soils, and this protective effect often allows 
the streams to run clear even when their flow is quite rapid. 

If, on the other hand, a region be elevated and new life be thus 
given to the streams, there is such rapid erosion that there is a tend- 
ency to strip oJ the accumulated soils. Such a revival or reju- 
vination of the streams seems to have taken place in China. The 
streams are yellow with silt derived from the loess, and the waters of 
the Chinese sea near the great rivers are yellow from this cause one 
hundred miles from the coast and for six hundred miles along the 
coast line. The muddiness of some of the rivers of the Mississippi 
system and of the Amazon are in large part due to the same cause. 

*Bull. No. 52, {]. S. Geol. Survey, 1889. " 
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Whatever the origin of the upper laterite of India (see above), 
the lower laterite has undoubtedly been derived from it in large 
measure by stream action. The most reasonable explanation of 
the change of conditions from a residual soil producing region (if 
this explanation be accepted for the upper laterite) to a region of 
denudation is that of elevation and consequently the giving of 
new powers to the streams. The lower laterite occurs generally 
near the shore and apparently extends out to sea beyond the pres- 
ent shore line. Its thickness is seldom greater than fift}' feet, it 
is always sandy and sometimes contains rounded pebbles. Human 
implements found with the deposit prove it to be of recent origin. 
Medlicolt and B Ian ford* believe it to have been subaerially de- 
rived from the upper laterite. In part, if not entirely, it has been 
formed beneath the sea having been transported thither by river 
action, and having been raised to its present position by a recent 
elevation. 

The importance of these suggestions in the explanation of cer- 
tain geological phenomena of the past may be very great. In the 
Carboniferous, for instance, numerous recurrent elevations and 
depressions arc recorded and with them great quantities of sedi- 
ment were derived and deposited. In many regions great beds of 
clay were laid down, often having such a character as to admit of 
the explanation of residual origin. The remarkable development 
of blue, yellow, red and mottled clays in the Central Texas 
Carboniferoust may possibly be explained in this way. These 
deposits are often (juite barren of fossils, indicating a very 
muddv sea. 

The Carlx)niferous time was one well adapted to the accumula- 
tion of a residual soil, being apparently one of considerable moist- 
ure, much vegetation, general warmth, and of low lying lands. 
The elevations and depressions so well recorded must have furn- 
ished the means of removal of any such soils, either by the 
actual encroachment of the sea, or by the erosion of the land 
by subaerial agents, or by both. Such an explanation makes it 
easier to understand the extensive accumulations of clays in these 
deposits. Similar deposits in other ages may have had a similar 
origin. On this subject Pumpelly writes! ' *the very fine marine 

^Geology of India, Vol. i. 

tTan. First Ann. Rept Texas GeoL Survey, 209-212. 

^Am. J. ScL, ISra, xm, 188-14C 
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sediments are probably for the greater part the rapidly removed 
products of long-continued, protected disintegration and decom- 
position. " 

Changes in the amount of river load from the limpid stream of 
a low lying country, to the turbid stream flowing with rapid cur- 

* 

rent over a recently elevated region covered with a residual soil, 
aside from the rapid accumulation of much fine sediment, must 
have an important effect upon the life of the region, which may 
be almost entirely exterminated by the incursion of the mud bear- 
ing waters. A coral fringed coast would lose its character with 
such an incursion and an entire change of fauna result. How 
many times this has happened in the past it is entirely impossi- 
ble to tell at present, but a search among the geological records 
may very likely show many such changes which can be traced to 
this cause. 

{/) By the Sea. 

The depression beneath the sea of a country bearing a residual 
soil would produce similar though more widespread results. The 
fine sediments swept out to sea and the coarser remnants de- 
posited nearer the point of origin would rapidly produce exten- 
sive deposits, at the same time undoubtedly changing the charac- 
ter of the fauna. 

One recorded instance of this method of origin of sediments 
is ail that has been found in the geological literature examined. 
It is so interesting that it is given here in some detail. For the 
complete account I refer to professor Pumpelly's paper.* 

In the Hoosac mountains in western Massachusetts there is a 
central core of true granitoid gneiss characterized b}' a blue 
quartz. Above this and separating it from the overlying schists 
is a band of rock, which, though stratigraphically continuous, is 
widely different in its various parts. It wraps around the granit- 
oid core or island, and on the east is a quartz ite, on the north a 
conglomerate, while on the west it is a white gneiss. By transi- 
tional beds these pass downward into the granitoid gneiss by 
direct stratigraphical conformity. The conglomerate contains, 
besides blue quartz pebbles, many pebbles of feldspar with an un- 
altered nucleus bordered by a kaolinizecl feldspar, which, since 
its production, has been altered to a secondary feldspar by meta- 

♦The Relation of Secular liock Disintegration to certain Transitional 
Crystalline Schists. Bull. Geol. Soc. Am., 1891, ii, 209-2-24. 
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morpbiem. The feldspar cannot have been carried verj' far, other- 
wise it would have been destroyed. 

There is evidence that the pre-Cambrian surface was aa eroded 
land surface. The chief evidence of this is found in the Stam- 
ford dike of Clarksbui^ mountain, near Williamstown, which was, 
in pre-Cambrian times, eroded out below the general level of the 
surface. Into this the over-lying Cambrian Bags, and it contains 
fragments of weathered dike rock. 

Professor Pumpelly suggests that when the Cambrian aea en- 
croached on the land the country was covere<l by a deep secularly 
decayed covering. The residual soil and all the finer materials 
were quickly removed to a distance; but the deeper zone of semi- 
kaolinized material was only partly worked over and was deposited 
near at hand. Below this was the semi -disintegrated zone now 
represented by the transition beds of highly foliated granitoid 
gneiss. This, by its weakened condition, during the subsequent 
extensive folding, behaved like the worked over material above, 
and is therefore laminated. Hence the transition and apparent 
conformity l>etween the schist and granitoid gneiss. It will be 
seen that this is a highly plausible theory which explains, so far 
as is at present known, all the peculiarities of this most puzzling 
region; and it seems to be the only theory which will explain the 
facts found in the field. 

These facts lead professor Pumpelly to suggest that most of 
the basal beds of sandstone, conglomerate and quartzite, marking 
the beginnings of geological periods, are produced in this way. 
Similar heAa occur on the eastern edge of the Adirondacks where 
the feldspar pebbles, as in the case of the Hoosac mountains, 
have not lieen divested of their semi -disintegrated shell. 

Prc-Potsdam secniar decay has been described by Newton from 
the Itlack Hills, by Peale in the pre-Cambrian granite of the South 
Ptatto region in Colorado, and by others from various parts of 
the west, Pumpelly* has suggested a pre-Silurian disintegration 
of Pilot Knob, Missouri, and later explorations by mining have 
veriRed this suggestion by finding a deep zone of disintegration 
oil the Silurian. In all these cases the transgression of the sea 
has in part worked over the materials of disintegration and boned 
Ihe loner parl.s in large measure, lienenlh the sediment tliiis de- 

•Geal. Sun-ey Missouri, ISTS, i, 12. 



Relation of Secular Decay of Rocks. — Tarr. 43 

rived. Plainly, a rapid eDcroachment of the sea on the land is 
neceeaary to admit of such a partial working over. The ordinarj' 
movements of the land are so slow that all such loose material 
would be removed. Cases where the secularly decayed soil is 
found buried in place, or only slightly removed from its place of 
origin must, therefore, be relatively rare. The evidence of the ex- 
ietence of this kind of material during the periode of the past 
must, for the most part, be looked for in sediments removed some 
distance from their source. The mechanical and chemical con- 
stitution of such sediments ought to serve as a key to indicate 
their origin. 

(^) Summnrg, 

From what has been written it will be seen that secular disinte- 
gration may be an important source for the origin of sediments 
which may be derived from it in various ways, ll may be trans- 
ported to its resting place in the process of rock building, hy the 
wind, by ice, by running water or by the sea. A country chang- 
ing in climate from moist to dry is subject to serial action of 
considerable uniformity and intensity, and an accumulated resid- 
ual soil maytbus besweptaway-.thechange from temperate tocold, 
the coming on of an ice period, brings about other conditions by 
which accumulated soils are removed. China seems to offer an 
instance of the former, New England of the latter. 

Changes in land elevation may admit of the accumulation of 
a residual soil or the removal of one already accumulated. A 
countr}' long standing at a certain elevation is favorably situated 
for soil accumulation. The elevation of such a land gives to the 
streams new powers, and by this means the residual soils and dis- 
integrated materials may be removed. The same country' de- 
pressed brings the soil within reach of the waves. 

Accompanying these changes there must he much destniction of 
life. The clear-water dwellijig fauna of the shore, driven out by 
the appearance of mud-laden waters, is replaced by a different fauna. 
So there may have been alternations of faunas from this reason, as 
well as alternations of sedimentation, first rapid, then slow depo- 
sition. 

The importance of secular disintegration along the lines above 
flnggpsted is not fully understood and seems to have been gener- 
ally overlooked by geologists. Secularly decayed soils exist at 
present and they must have existed in the past; lands have Iwen 



44 The Ainerican Geologist. July, isw 

raised and depressed and climateB have changed; and such being 
the case it seems reasonably certain that sediments derive<l from 
Becnlarly decayed soils must Iw abundant in the formations of the 
different ages. All the conditions for such accumulations have 
been present, and if the line of reasoning adopted in this essaj' is 
not falhceous they must exist. The work of discovering evidence 
of them in the field yet remains to be done except in a verj- few 



NOTES ON SOME PSEUDOMORPHS FROM THE 
TACONIC REGION. 

By Wh. H. Hobbx. UsdiKOn, WIf. 
(Published nJlh lb e permit-^lon ol Ibe Director ot the U. S. Geological SiiTvey.) 

The pseudomorplis here considered occur in northeastern Con- 
necticut near the Massachusetts state line, within an area of 
crystalline rocks which are now being studied by members of the 
U. S. Geological Survey. 

TremoJiti: Pneutlomorphx iifti-r HaKtt. 

The crystalline dolomitic limestone of the vicinity of Canaan, 
Ct, has long besn known to collectors as a locality for white 
pyroxene and tremolite. Well terminated crystals of the former 
are figured in Shepards Mineralogy.* 

In a recent paper I'rof. fi. H. Williams has descril>ed hemi- 
hedral pyroxene crystals from Canaan and mentioned an incipient 
uralitization of the mineral, t 

I have found pyroxene crystals to be abundant in the dolomitic 
limestone at numerous localities extending from Canaan north- 
ward through the valley of the Konkapot river (Mill river), at 
Konkapot, Mill river, Hartsville, and Monterey. They are known 
to the quarrjmen under the name, "Jason's Teeth." 

Their distribution seems lo be confined to the region east of 
the Honsatonic river. They are usually from one-half of an inch 
to an inch in length and stoutly columnar, but they also attain di- 
mensions of several inches. Sometimes they are found in large 



•Vol. II, p. 133, 1B3S, Skutm S58 and 8H. 
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masses forming ridges which have been described as ca- 
naanite. * 

Tremolite from Canaan is mentioned in Cleaveland's Mineralogy 
and is common in mineral collections. The best crystals come 
from the Maltby quarry about three-fourths of a mile north of Falls 
Village, where they are semi-translucent, attaining to a breadth of 
a quarter of an inch or more. They are usually white but some- 
times light green in color. There is also a fine radial variety from 
this locality having a silky lustre. 

While making a reconnaissance of Canaan mountain in the 
summer of 1889, I came upon huge glacial boulders of impure 
limestone on the north flank of the mountain some distance above 
the exposures of limestone, and resting on a layer of till. The 
locality is on the coaling road about one mile south of and 330 
feet vertically above the first road corner east of the junction of 
the Blackberry and Whiting rivers. These boulders were filled 
with nodules of coarse tremolite. Most of the nodules could be 
seen to have the form of pyroxene crj'stals, and several were dug 
out on which all the planes of the prismatic zone were well de- 
veloped with the orthopinacoidal habit. In some cases the crys- 
tals show terminations by a pyramid which gives an angle of 
about 110° to the front, probably^ — 2P. They attain to a length 
of two to three inches and a breadth of nearly two inches. Very 
little of the pyroxene material remains owing to a paramorphic 
change to tremolite. t The tremolite needles situated near the 
surface of the crystal usuall}' lie with their axes in the bounding 
planes or nearly so, and there is also a tendency on prismatic 
planes to parallel orientation with the pyroxene. The arrange- 
ment of the tremolite is usually quite irregular within the cr^'stal. 
A portion of one of these pseudomorphs has been analyzed by 
Dr. W. F. Hillebrand in the laboratorj' of the U. S. Geological 
Survey with the results given below under I. 

*ThiB was first thought by Hitchcock to be scapolite {Geo\. Rep. Mass 
2d ed., 1B35, p. 315), afterwards nephrite or saussurite (Kep. Geol. Mass. 
1841, p. 569). On the basis of a faulty analysis by S. L. Dana, it was 
thought to be a new mineral and named Canaanite (Alger*s Phillip's 
Mineralogy, 1844, p. 89). Shepard at first thought it nephrite or saus- 
surite (Geol. Mass., 1841, p. 569), but afterwards recognized it as pyrox- 
ene (Rep. Qeol. Survey, Conn., 1837, p. 134). In Dana's System of Min- 
eralogy (5th ed., 1868, p. 808) an analysis by Burton is printed showing 
- the imneral to be pyroxene. 

t(The86 specimens are No. 3186 of the U. 8. Geological Survey collec- 
tion from the vicinity.) 
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I. Tremolite pseudomorphs after salite, Canaan, Ct., Hille- 
brand. 

II. The same recalculated with water removed and CO^ re- 
moved as CaCO^. 

III. White tremolite from Fahlun, Sweden (Dana's System of 
Mineralogy, 5th ed., 1868, p. 236). 

IV. Salite from Canaan, Ct., M. D. Munn (Ibid, 6th ed., 
1892, p. 356). 

V. Canaanite, Canaan, Ct, B. S. Burton, (Ibid, 5th ed., p. 
803). 

VI. The same with COj removed at CaCO,. 

These analyses show that the alteration of the salite of Canaan 
to tremolite is not true paramorphism, the change involving a 
loss of lime and a gain of magnesia. The specific gravity of the 
tremolite pseudomorphs is 2.9, that of salite analyzed by Mr. 
Munn was 3.33. 

It is quite possible that a portion of the tremolite contained in 
the dolomite at other localities near Canaan is derived in this 
way, but the manner of occurrence of much of the tremolite goes 
to show that it is formed directly from the recrj'stallization of 
the dolomite and its admixed quartz. 

Fsfudomorphs after Feldspar from Norfolk Township^ Ct. 

In the summer of 1889, I visited the Norfolk granite quarry, 

which is opened in Cambrian gneiss. There were noticed near 

the quarries blocks of much the same material, in which were 

well rounded nodules up to an inch and more in diameter. They 
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appeared to be composed mainly of a colorless mica and feldspar 
mottled by grains of quartz. The mica is in scales lying along 
the cleavage planes of the feldspar. Sometimes no feldspar 
could be made ont with certainty, but the direction of the mica 
scales indicated clearly two cleavages nearly perpendicular, corre- 
sponding with those of feldspar, and in many cases the nodule 
was seen to be made up of two individuals simply twinned ac- 
cording to the Carlsbad or albite law, dividing the nodule in 
halves. These twins are oftentimes very perfect, and closely 
resemble the simply twinned albite grains of Greylock mount- 




ain, except that they are larger and mainly composed of mica 
and quartz. 

Seen under the microscope in thin section, the nodules show as 
a background a network of colorless mica, possessing practically 
one orientation throughout the nodule (unless it is twinned), and 
inclosing quite uniformly distributed irregular areas of quartz. 
Penetratiug the quartz and to some extent also the mica are 
numerous minute needles of flbroHte (See figure). No feldspar 
has been observed in section, yet many of the nodules doubtless 
contain some residue of feldspar. Un separating the rock ]x>w- 
der in the Thoulct solution a large part of the mica was removed 
when the solution had a specific gravity of 2.8. Owing, how- 
ever, to the difficulty of making a perfect separation of the 
different constituents into homogeneous grains, the material con- 
tinued to fall in the solution until the specific gravity was some- 
what below that of quartz. As the specific gravity of thequarlz 
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would be raised by the muscovite and sillimanite attached to it, 
the presence of a feldspar lighter than quartz is shown. 

A portion of one of these pseudomorphs has been analyzed 
quantitatively by Dr. W. F. Hillebrand in the laboratory of the 
IJ. S. Geological Survey, yielding the following proportions: 

SiO, 76.32 

Al.O, 15.87 

Fe.O, .58 

FeO .36 

C^aO .26 

K,0 4.55 

Na,0 .24 

H3O at 100^ .20 

H,0 above 100 2.01 



With traces of TiO,. 8rO, Li,0 and P.Oj. 



100.34 



In conversation with Prof. B. K. Kmerson in 1891, he ex- 
pressed his opinion that the nodules were pebbles. I have since 
been convinced of this from examination of them.* 

The greater part of the quartz I look upon as original in the 
rock from which the feldspars were derived, and as essentially 
pegmatitic. The manner of occurrence of the quartz in areas 
quite regularly distributed in the mica, and the high acidity of 
the nodules seem to indicate this. The mica and fibrolite are 
regarded as due to a secondary alteration of a potash feldspar by 
dynamo- metamorphic agencies accompanied by a separation of 
(quartz. The alteration of alkali feldspar into microscopic mus- 
covite and quartz is very common. 

During the summer of 1891, I visited the region northwest 
of the Norfolk quarry in company with Prof. Emerson. We 
succeeded in finding similar nodules in place in the Cam- 
brian gneiss of Tobey hill (about two miles northwest of the 
quarry), from which outcrops the blocks have probably been 
derived. 

University of Wisconsin^ Madison, May 6, 1892. 

*Mr. J. E, Wolff has shown that the rounded porphyrltic feldspars, 
which are characteristic of the ^'metamorphic conglomerate*' and'^albite 
schist" of Hoosac mountain and other localities m northern Berkshire, 
are of detrital orijB^o. n^etamorphism of Clastiq Feldspar in Con- 
glomerate Schist, BulL MUB. Comb. ZooL, Harv. Coll., xvi, No. 10, pp. 
178-188.) See also Pampelhr, The Relation of Secular Rock-Disintegra- 
tion to certain TrBiiBltloiiai Orjrstalline Schists. BulL Geol. Soc. Am., 
ir, pp. 9(NK2d4. 
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ON SOME BASIC ERUPTIVE ROCKS IN THE VICIN- 
ITY OF LEWISTON AND AUBURN, ANDROS- 
COGGIN CO., MAINE. 
Plate 1 1. 

By Gbohob p. Mebriix, Washington, D. C, with analyses by R. L. Packard. 

The prevailing underlying rock in Androscoggin, as in ad- 
jacent portions of Cumberland, Oxford, Kennebec and Sagadahoc 
counties, is a coarse and variable micaceous or hornblendic gneiss 
often including considerable thicknesses of crystalline limestone, 
which is colored on Hitchcock's map of the state as of Montalban 
age. Through this gneiss there has every where been injected a 
coarse highly feldspathic granite which forms the main mass of 
the more prominent hills or mountains of the vicinity. The so- 
called * 'David's Mountain" near Bates College in Lewiston is a 
good example of this granite. Contact between the molten granite 
and the more calcareous portions of the gneiss has given rise to 
various secondary minerals, including the vesuvianite and cinna- 
mon garnets which are found at various points within the coun- 
ties mentioned. Into numerous small fissui'es in granite and 
gneiss alike have subsequently been intruded basic eruptives, some 
of which are of interest in the present stage of petrographical 
knowledge and none of which have as yet received the attention 
they deserve. 

These dikes are all small, and neither their direction nor inclina- 
tion with the horizon is at all constant. Some of them are nearly 
vertical and run in a nearly east and west direction. Others are 
inclined at a very considerable angle. The original fractures 
through which the molten magma was protruded seem to have 
been very irregular, owing to the varying character of the rock 
masses traversed, and the material itself was too limited in amount 
to make its influence felt. 

The dikes with which this paper has principally to deal are 
situated to the southward and almost within the city limits of 
Lewiston and Auburn and therefore on both sides of the Andros- 
coggin river. The best exposures are on the Lewiston side in a 
quarry of limestone on the lower branch of the Maine Central 
railroad some 300 yards south of the Androscoggin mill. 
(Locality (1) on sketch map.)* There is here a considerable bluff 
of limestone facing the river, a part of which has been quarried 

*Thi8 is the locality described briefly by Hunt, Chemical and Geologi- 
cal Essays, p. 195. 
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awiiy for foundfttion material so that the dikes Id the face of the 
quarry' are easily accessible, but are visible nowhere else in the 
immediate vicinity, being covered by drift sands and claya. 

These dilies, of which there are nine exposed within a distance 
of 250 to 300 yards vary from fifteen inches to Ave feet in diam- 
eter, and have apparently a nearly east and west trend, though as 
they are here almost vertical and exposed only in the face of the 
qnarrj-, this could not be told with certainty at the time of my 
visit. The rocks of the dikes are, aa a rule, very fine grained, 
compact and nearly black in color, containing only olivines, an 
occasional augite, or rarely a feldspar in macroscopic forms. The 
olivines are in some of the dikes peculiarly large and abundant, 
comprising at times fully one-fourth the entire mass of the rock. 
In several instances on a surface five cm. square not less than 
fifty olivines could be counted, varying in size from a pin's head 
to five and even ten and fifteen mm. in diameter, all fresh and 
gtassy,or with but a narrow well defined greenish white border of 
serpentine. Such large and fresh olivines are verj- rare except, 
ing in rocks of Tertiary or Post Tertiarj- age. The dikes are 
often beautifully banded parallel to their sides, the bands ^'arying 
from two to five mm. in width and of light purplish gray and 
nearly black colors alternating. This feature is especially notice- 
able in the smaller and more compact dikes. On weathering the 
rook assumes a schistose structure cleaving parallel with the 
bandings, t. e. with the walls of the dikes, into scales of all thick- 
nesses up to several inches, and often some feet in diameter. 

Submitted to microscopic examination the rocks from the vari- 
ous dikes present close textura! and mineralt^ical resemblances, 
which may be generalized as follows: — -A groundmass of stout 
acicular idiomorphic brown basaltic hornblendes, augites with a 
faint violet brown or purple tinge, elongated plagioclnses and the 
usual scattering of iron ores, carrying abundant phenocrysts of 
olivine, more rarely of augite and still more mrely of plagioclase. 
A glassy base, though not identified Ijeyond a reasonable doubt, 
is strongly suggested by almost amorphous interstitial areas filled 
with chloritic needles and ferruginous decomposition products. 
The olivines in some of the dikes ar^ lii^hjy :ilU'ri'd, Imt show 
beautifully perfect crjslal outlines. In iithtis, as aliove npted, 
they are almost aa fresh and glassy as uii the day of tJulr^ 
tion. The brown hornblendes occur throughout < 
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groundmass and in crystals of but one generation, the augitea in 
two generations, the feldspars rarely in two, and the olivines in 
but one. The intratellural origin of these last is manifested by 
their presence in large numbers in blebs of considerable size in 
small offshoots from the main dikes, which are sometimes of not 
more than an inch in width and otherwise completely aphanitic. 
The olivines are not, however, equally couspicuous in all the dikes. 
In the first two met with going southward from the mill (the first 
about thirty and the second fifteen inches wide) olivine is scarcely 
evident to the unaided eye. In the third it is in certain parts of 
the dike very abundant; in the fourth scarcely evident again, and 
in the fifth and sixth extremely abundant and in large blebs, as 
mentioned above. That, however, the rocks are essentially the 
same and must be portions of the same magma, is evident from 
their similarity in mineral, as well as chcinical composition. 

There are certain differences in the slides from different dikes 
that are worthy of note. The larger dikes, as would bo expected, 
show as a rule a more granular structure, though this is not a 
universal rule. In the second dike below the mill (28525)* the 
idiomorphic nature of the hornblendes and augites of the ground- 
mass is less distinctly marked than in the first. A sample from 
this dike yielded Prof. Packard 40.26% SiO,. The third dike 
(28526) is a typical camptonite, and excepting the numerous large 
olivines,' is indistinguishable in the section from the original dia- 
base of dike No. 1, at Campton, New Hampshire, as described by 
Hawes. t The fourth dike, three feet wide, (28527) is quite simi- 
lar, hut the slides show in places a structure bordering upon 
ophitic. The fifth, 2 feet wide (28528), shows also a tendency 
toward an ophitic structure and there is a much less distinct sep- 
aration of the minerals into individuals of two generations. The 
olivine is here the only mineral porphyritically developed. The 
sixth dike, 2^ feet wide (28529 and 39194), is the most striking 
of all, and the one to which owing to its richness in olivines my 
attention was first attracted, t 

In the hand specimen this is a dense dark gray aphanitic mck 

*The Qumbera given ar« those of the specimen aa entered in th« 
Hum urn catalogue. 

tAm. Jour. Scl^ 8d. nvii, 187B, p. U7. 

referred to l>y Prof. Kemp In his paper "On the 
mkport, Maine." Am. G«olooibt, March, 1890, p. 
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with abuadant targe (4 to S mm.) pbenocrysts of sngite, olivine 
and plogioclase, the olivines being moat abundant. Like the true 
camptonites it shows under the microscope a dense groundmaas 
of minute brown hornblendes, augites, plagioclase and iron ores, 
all in idiomorphic forms, throughout which are scattered the 
phenocrj'sts of olivine, augite, and plagioclase above noted. 

A search for similar dikes elsewhere in the vicinity resulted aa 
follows: — 

At the Cedar street crossing of the lower branch of the M. C. 
R. R. — a few squares above the mill and to the northward — 
<locality (2) on sketch map] a dike 5 feet in width was found, 
-consisting of a compact dull dark gray rock with an abundant 
sprinkling of small olivines. Under the microscope the mineral 
nature of the rock (28523) was found to be quite similar to the 
■others mentioned, excepting that augites prevailed in excess of 
hornblendes in the groundmass. The structure was also quite 
variable in dilferent sections, in some cases being decidedly por- 
phyritic, aa in the camptonites, or again ophitic as in normal dia- 
base. An abun<)aQce of secondary calcite here, as in the other 
■dikes, obscures everything. There is no doubt but that this be- 
longs to the same series of dikes. Stilt further northward, just 
below the Maine Central railroad briilgc over the Androscoggin 
river, and running nearly parallel with the bridge is a dike some 
five feet in width of a dense dark greenish rock (28534) which 
under the microscope shows the ophitic structure of ordinary dla- 
Imisc, and which yielded Prof. Packard 49.75% Si O,. This dike 
is covered by overlying rocks and soils on either shore and may 
1>e seen to advantage only in the river bed and at low water. 
(Locality (3) on map). This is presumably the dike mentioned by 
Jackson* as having a direction of N. KO W. , S. 80 E., though the 
width as given by him is but 2^ feet. 

Going southward on the Auburn side of the river the first dike 
encountered was on the property of I* Merrill, Lake street, above 
Fern. (Locality (4) on map). This was in granite and but three 
inches in widUi. The rock is doi^ gi^yi strongly banded parallel 
with the sides of the dike in gniy and black colors and showing in 
the hand specimen simply a compact aphanitic ground withdat 
crj'stalline secretions of sndli ilM M to be determinable by the 
niiiiiik'il I'M' or ]n>ck('t lens. Under the mit'roscnin' '\u ihln sec- 
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tions (28519) it sLowb a dense irresolvable base, the true nature of 
whicli is badly obscured by calcite and ferruginous decomposition 
products, but which was once evidently a glass. Throughout 
this boBe are thickly scattered abundant acicular plagioclases, iron 
ores in granular and gratelike forms and occasional larger rounded 
blebs of more or less serpentinized olivines. Hornblendes or 
augites if ever existing, have been obliterated by decomposition. 
This rock yielded Prof. Packard 30.40% Si 0,. No otherdikes, 
of which this might be considered an offshoot, were discovered in 
the vicinity. 

Going still farther south two small dikes, one 15 inches and one 
3 feet wide, were found exposed in the railroad cutting of the 
Lewiston and Auburn railroad on the west bank of the Little 
Androscoggin river nearly opposite the Barker cotton mill. 
(Locality (5) on map). These show a structure in every way 
identical with those first described south of the Androscoggin 
mill and from thsir position (nearly due west) there seem good 
reasons for assuming them to be a continuation of the Cedar 
street dike in Lewiston. A complete analysis of one of these 
rocks (28531) is given on p. 54. In a cutting of the Maine Cen- 
tral railroad, south of the Taylor Brook crossing, and about a 
mile below the city of Auburn occurs still another dike about 12 
inches in width (locality (6) on map). This rock (28532) in 
the thin section is indistinguishable fromHawes, dike 1, (diabase) 
at Campton Falls, New Hampshire." It yielded Prof. Packard 
39.46% Si 0, and is presumablj' a continuation of the dikes 
south of the Androscoggin mill on the Lewiston aide of the river. 

Farther to the west, between the well known tourmaline and 
lepidolite locality, fancifully known as "Mount Tourmaline" and 
Stevens mill, is another dike five feet in diameter (2B658) which 
shows also a camptonite structure and composition. It is to be 
noted, however, that slides in the Museum collection from other 
dikes having the same trend, hut lying to the northwest, near 
Taylor pond, are normal diabases and ophitic in structure. 

The next dike met with, traveling south along the M. C. R. R., 
Is found juBt before reaching Danville junction. This is a large 
dike of normal olivine diabase (35056) which yields some 46% 
SiO,, 

D poBssBslon of 
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Analyses of samples from the olivine rock, dike 6 below the 
Androscoggin mill in Lewiston (39199), and the 12 inch dike 
from the cutting in the Lewiston and Auburn railroad in Aubuin 
(28531) yielded Prof. Packard results as below. For purposes of 
comparison are giveu (iii) the analyses of dike No. 1, at Camp- 
ton, New Hampshire, as given by Hawes.* (iv) of the Montreal 
diorite as given by Harrington, t and (v) and (vi) camptonites 
from Proctor and Fairhaven, Vermont, as given by Kemp and 
Itf arsters. X 
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From the above it appears that in the immediate vicinity of 
Lewiston and Auburn are two series of small and geologically 
speaking insignificant dikes, both having essentially the same 
trend (so nearly so that they were supposed at the time these 
observations were made, (1883), to belong undoubtedly to the 
same system) one of which is normal diabase while the other, in- 
cluding nine or more lying almost within the southern outskirts 
of the two cities, must be referred to the lamprophyrs, or if a 
specific name is demanded, may be called camptonites as the 
term is used by Rosenbuseh. There are objections to this. In 
all of them augite occurs both as phenocrysts and as a constituent 
of the groundmass, and must be considered as of greater genetic 
importance than the hornblenile. There is moreover an almost 
constant tendency toward an ophitic structure as displayed in 
basalts and diabases. 

Just bow much weight in the matter of classification is to be 
attached to micro- structural features, it is perhaps as yet too 

•Am. Joar. Sd., 3d, xvk, 1871), p. 147. 

+Hep. Geol. Snrvey of Canada, 1877-7", p, 14 " 

XTdlds. New York Academy nl Science, vol. X^i 
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early to say. Id the writer's opinion neither these nor the fact 
that up to date such rocks may have been found occurring only 
in dikes is alone of suflScient importance to warrant the introduc- 
tion of new names into a branch of science already over-burdened. 
We must not, however, lose sight of the fact that in addition to 
the above characteristics (which may or may not prove constant) 
we have here a peculiarly basic magma standing intermediate be- 
tween the diabases and peridotites, and which, as a plutonic rock, 
can be rel^ated to none of the older groups. As a convenient 
temporary term the name camptonite as given by Prof. Rosen- 
bnsch is perhaps as good as any. The fact that the dikes so far 
described, are in all cases extremely narrow — from 3 inches 
\x> 5 feet — is, to say the least, interesting. That the structure 
of the rock is quite independent of the size of the dike is how- 
ever shown by the occurrence in the same vicinity of equally 
small dikes which are normal diabases in both composition and 
structui-e. 

It is to be not«d that chemically the rocks might be considered 
as members of the monchiquite group, from which however they 
are excluded by the uniform presence of plagioclase feldspars.* 
The high percentage of magnesia, a necessary consequence of the 
abundant olivine, is also worthy of note as indicating a close 
chemical relationship with the peri dot ites. 

Thanks are due Mr. L. H. Merrill, chemist at the Maine ex- 
periment station, by whom many of the samples were collected 
and sections cut, as well as preliminary analyses made. 

National Miwiim, April, 1S92. 



In his inaugural address, before the Royal Society of Canada, 
the President, Abbe J. C. K. Laflamme,of La valUnivei-sity. Quebec, 
gave an extended account of the life and labors of the late Dr. T. 
Sterry Hunt, who had been one of the members of the society from 
its inception, 

*Comure analvBia II above, with v as given by Prof. Roeenlmscb iu 
Ma. u. Pet Hltthelluugeu vi, Heft. \i, IHW, p. 464. 
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ON THE OCCURRENCE OF TYPICAL CH/CTETES 

IN THE DEVONIAN STRATA AT THE FALLS 

OF THEOHIO AND LIKEWISE IN THE 

ANALOGOUS BEDS OP THE 

EIFEL IN GERMANY. 

Pl.*TB III. 
By Dr. C. Roxihuih, Ann Arbor. 

The numerous forms formerly comprehended under the name 
Chiftelet, by considering merely the general external resemblance 
of the fossils nith the one described by Fischer under the name of 
ChteteUn riuUam, were found by more accurate microscopic ex- 
amination to exhibit many important differences in their structure. 

The majority of this mixed' assembly could be placed under 
Moiiticiilipira a generic group proposed by D'Orbigny; another 
part was found to correspond nith the forms described by Lous- 
dale under the name Siettojioni for still others the erection of 
new genera nas deemed uecessar\, and only a very small number 
of them actuallj corresponded with C/ta:tetr» radiaim, the type 
of the genus 

CliiiMis &o restricted hka Steniipura, was unknown in strata 
older than the Carlxtniferous period, but in the subjoined pages I 
am going to describe representatives of C/imteteg from the 
Devonian at the Falls of the Ohio and from the contemporaneous 
beds of the Eifel in Oermany. 

Before proceeding with the description it will t>e desirable. 
first, to define the characters distinguishing Ckteletes from Monti- 
ciilipora. Stenopora and relited genera. 

Common to all of these is the composition of their colonies of 
small elongated tubules which are in their whole extent inti- 
mately grown together; the channels of these tubules are inter- 
sected by more or less numerous transverse diaphragms, and 
are not in communication with the adjoining tubules by lateral 
pore channels as they occur in the favositoid tril>e, whose gen- 
eral structure exhibits so many points of resemblance with 
Chieletes that even today some naturalists not only consider 
ChtrActes as a subordinate member of the favositoid family, but 
have described characteristic C/uEiete» forms under the name 
Calamopora which ie » synonym 

iir^icters common to the 
{cnuric- iir.itips luiili'i 1 i.iiwiiliTation are subject to certain 
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modifications constitutiug the distinctive marks upon wliich the 
•separation of CAtWc^e* from ifow^icw/i^ora, Stenojwra, etc., is based. 
In Monticulipora and Stenopora the walls of the intimately united 
tubes are either distinctly double, exhibiting a central demarcating 
line between the contiguous walls, or this line is obliterated, but 
each of the tubes is in the immediate circumference of its orifice 
surrounded by concentric rings of darker shade than the lighter 
colored intermediate sclerenchymal mass, which plainly indicates 
the original independence of each of the anchylosed walls. 

In only a small subdivision of the Monticulipora group are the 
walls so thin that it is practically impossible to demonstrate 
their duplicity. 

Stenopora has double walls like Monticulipora, but among 
other diflTerences the periodical swelling and contraction in the 
thickness of the walls constitutes its principal generic peculiarity. 
In ClwetetPB the walls intervening between the tube channels are 
comparatively thick, but appear to l>e common to the contiguous 
channels; it differs further from the other generic groups by the 
development of irregularly disposed longitudinal crests within its 
tubes. Their number is variable ; in some of the tubes no crests 
are observable, in others one, or two, or even three and four 
may be present which indentations cause considerable irregularity 
in the shape of the orifices. Another essential point of difference 
between Chixttetes and the other forms under comparison is said 
to be the multiplication of its tube channels during the progress 
of growth by a division of the older tubes, while in the other 
genera the tubes are multiplied by production of lateral gemmae. 
This assertion is at least not fully correct; on the one hand I 
have before me sections of typical Cluetetes in which a multiplica- 
tion of the tubes by gemmae, sprouting from the edges of the 
tube walls, is plainly exhibited; on the other hand an indubitable 
instance of a division of the older tul>e channels in two, or sev- 
eral, never occured to me, but not very rarely I have seen in 
transverse sections the longitudinal crests project so far into 
the lumen of the tubes that sometimes two opposite crests almost 
came in contact, which case might be ai>prehended as a not fully 
accomplished stadium of the division of a tube. 

The above mentioned want of differentiation in the walls of the 
adjoining tube channels, does not imply their perfect homogeneity; 
in reality every tube orifice is bordered by a circle of nodules 
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resembling in thin sections the cross cut acanthopores of a 
Monticulipora^ but never showing a central perforation as they 
sometimes do. 

The size of these nodules differs considerably in the same circle ; 
some three or four are larger than the other intermediate ones and 
constitute the upper termination of the before described longitud- 
inal crests indenting the orifices; the other smaller ones cause no 
perceptible indentations of the tube channels, but they are per- 
ceptible as delicate longitudinal striae (Wandstraenge) on the 
faces of vertically cleft specimens, and better still in thin, longi- 
tudinal sections. The walls are actually composed of laterally 
anchylosed vertical columelles, which, counting the larger and 
smaller ones, amount to from ten to fifteen in each circumference 
of a tube. 

The specimens of Chcetetes radians from Miatschkowa Govern. 
Moskau, which 1 have had occasion to examine, are of coarsely 
crystalline grain and do not allow of observing all the details of 
structure; much plainer are they exhibited by specimens of 
Chcetetes milhporaceons from different localities in Indiana, Illi- 
nois and Kentucky, and in still greater distinctness all these 
structural particulars may be observed in the Devonian species 
found at the Falls of the Ohio and in the Eifel mountains. 

Noteworthy yet is the frequent development of morticules on 
the surface of Chietetes specimens, which are occupied by tube 
orifices of larger size than the rest. In addition to the other 
points of structural similarity, these monticules seem to me a con- 
firmation of the close relationship existing between Chatetes and 
MonticuUpora. 

After these preliminary remarks I will enter on the special des- 
cription of the Devonian species of Chcetetes. 

The specimens from the bed of the Ohio river I had collected a 
number of years past; on account of their external resemblance I 
had identified them without closer examination with a similar 
form abundantly found in the limestone formation of Sandusky 
and Kelley's Island, and provisionally labelled them with the 
name Cluetetes ponderosns. Later, Prof. Hall figured in one of 
his publications a form perfectly corresponding with the Sandusky 
specimens, and accordingly I adopted that name in place of the 
one given by me provisionally. 

Only recently, when I happened to look over th^e specimens^ 
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I noticed that some differences existed between those from one 
locality and those from the other, and when I came to examine 
them microscopically, I found to my surprise more important 
differences in their structure than I had expected to find. 

The mode of growth in both is about the same, forming bulky 
convex masses or undulating thick tabular expansions, consisting 
of sub-parallel closely united tubules of about i(^ of a millimeter in 
width; the surface exhibits low rounded monticules, on which or- 
ifices of somewhat larger size than the others present them- 
selves. 

In vertical fractures through such colonies is seen their compo- 
sition of a number of concentrically superimposed successive lay- 
ers, each of which represents a certain period in the growth, and 
a preceding and subsequent interruption of it. In this respect an 
obvious difference exists between the Sandusky and Louisville 
specimens. The concentric layers of the latter are merely indi- 
cated by an incrassation of the tube walls on that limit without an 
interruption in the continuity of their channels, while in the San- 
dusky form each concentric layer consists of an independent set 
of new tubes, which start with procumbent ends on the top of the 
orifices of a subjacent layer and soon after rise into an erect 
position. These pi*ocumbent basal ends of the new set of tubes 
frequently are consolidated into a continuous lamina, which under 
favorable circumstances allows a separation from the subjacent 
belt of tubules, presenting a wrinkled surface, very much like the 
laminar surfaces we can observe on splitting the double leaved 
expansions of a Ptilodictya or Stictopora. Such periodical inter- 
ruptions in the growth occur at very variable intervals ; in the same 
specimens the thickness of such a layer may DOt exceed two mill- 
imeters, subsequent ones may measure four and five millimeters, 
and some over an inch before a new disturbance in the growth 
commences. On cleaving such specimens vertically the tubules 
readily separate so as to present their angular outlines intact and 
the surface partly covered with wall substances which on its sides 
exhibits delicate transverse wrinkles of growth, besides stronger 
corrugations becoming most conspicuous in the angles of junction 
between the neighboring tube channels. The specimens from 
Louisville, in distinction from the Sandusky specimens, never 
exhibit such transverse rugosities; their tubes join under remark- 
ably straight edges, but on the other hand, they show a plain 
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longitudinal striation, of which on the Sandusky form not a trace 
can be perceived. 

Comparing microscopical sections of the two forms, their struc- 
tural diversity is still more clearly exhibited. 

Transverse sections of the Sandusliy specimens and of eimilar 
ones froD) the Helderberg group at Long lake near Alpena, 
present thin walled polygonal orifices J of one millimeter in di- 
ameter and somewhat larger ones crowded around the monticules. 
In the angles between the tubes a small number of triangular or 
quadrangular cell spaces may be noticed, which must be taken 
for tlie young ordinary tubes. Besides these, also acanthopores 
are observable in distantly scattered position. In every one of 
the successive layers the tubes are near tbeir upper termination 
subject to a slight incrassation, which thickened portion exhibits, 
under the microscope its diaphanous sclerenchymal mass dotted 
by numerous dark punctations disposed in a double row around 
the circumference of tiie orifices. If sections are not thin enough 
for good trauspurency, tliese densely crowded punctations could 
sometimes be mistaken for cross bars extending from one side of 
a wall to the other, or for the channels of connecting pores, but 
in sections, sufficiently thin, ii becomes plain above all doubt, 
that these dark dots are isolated punutifonn, and never trav- 
erse the entire thickness of the walls. This punctation of the 
substance of the tubewalls, noticeable in cross sections, is also in 
longitudinal sections dimly perceptible, but only the incrassated 
wall portions show this dotted structure; the intersected thin- 
walled parts of the tubes do not. 

In all the examined specimens were found developed trans- 
verse diaphragms, unequally distributed and rather remote in po- 
sition. 

Summing up the points of the preceding description, this form 
(Hall's Chwletct tennit) corresponds in all particulars with 
Nicholson's proposed subdivision of MnnticulipoTa, termed Mono- 
trypa excepting in the presence of a few acanthopores, said to be 
missing in Monotrypa. But this arbitrary restriction of generic 
limitfi. whioh in not fully proved even with regard to the type 
form M'laotri/p'i nii'lulata^ of which I have specimens exhibiting 
distantly scatliTed acanthopores, does not detain me from asso- 
ciating the deNcribeil form with its nearest family relations and to 
fduce it under the name Monotrypa tennit Hall sp. , since the 
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name Chcetetes as now defined is no longer applicable in the ease. 
As however the Louisville specimens, about to be described, fully 
correspond, in their structure with Chcetetes, my formerly used 
provisional designation Chcetetes ponderosus can now be perma- 
nently settled upon them. 

Their external mode of growth has already been mentioned. 
The width of the rounded polygonal tube orifices, is, as in the 
former, about one-third of a millimeter and of the larger ones, 
on the monticules, about half a millimeter; the intervening walls 
are stout, and not formed of a homogeneous mass of scleren- 
chyma,but obviously show their composition of a circle of solid 
vertical tissue columelles of alternately smaller and larger sizes. 
These columelles are intimately united with their side faces into 
closed channels with simple walls common to the contiguous cavi- 
ties. 

According to the diflferent sizes of the tubes, from twelve to 
sixteen of such columelles may be counted in the circumference 
of an orifice. The larger columelles generally occupy the angles 
of the tubules, the smaller ones the intermediate part of the walls. 
Cross sections of the columelles under the microscope appear ex- 
actly like intersected acanthopores, as they present themselves in 
tangential sections of some Monticulipora species, but none show 
a central perforation like some of these do in Monticulipora. The 
entire thickness of the walls is occupied by these columelles, the 
larger of which cause a slight indentation of the margins, but in 
this species scarcely ever such strong crest- like projections occur 
as we observe them in the tubes of Chcetetes miUeporaceus; other- 
wise, however, the longitudinal striation of the tube walls, corres- 
ponding with their columellar structure, is much more plainly vis- 
ible in thin sections, and even microscopically on cleavage faces 
of the Devonian form, than ever it occurs in specimens of Chce- 
tetes miUeporaceus. ' 

Transverse diaphragms, rather remote in position, are usually 
developed, but in some specimens I could not discover their pres- 
ence. 

From the Devonian limestones of the Eifel I have two different 
species. One of these I collected myself 50 years past in the vi- 
cinity of Gerolstein ; it grows in strumose convex masses, and is 
preserved in a porous, granular limestone, with dull fracture. The 
fossil itself is likewise composed of a similar granular calcareous 
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material, wherefore the more delicate structural details are some- 
what obscured. Still, in thin sections, the principal features of 
the species are sufficiently plain for recognition. Width of the 
tubes, one-third of a millimeter; shape of the orifices quite irreg- 
ular, somewhat rounded and longer in one direction than in 
the other, with conspicuous indentations of the cavities by two, 
three, or four of the larger vertical crests. The intermediate 
smaller columelles, though plainly recognizable in cross sec- 
tions, do not cause indentations of the margins. In longitud- 
inal sections, the striated surface of the walls, the intersection of 
the tubules by moderately numerous transverse diaphragms, the 
-concentric superposition of new layers without an interruption in 
the continuity of the tubules, and the multiplication by lateral or 
marginal gemmse, are all features readily observable. 

The material at my disposal is not sufficient to determine 
whether the second form, which 1 obtained from Prof. Schliiter 
in Bonn, is really a different species. It grows in thick, flat ex- 
pansions, which have been described and figured by Prof. 
Schliiter under the name Calamopora piliformis. I refer to his 
own figures and explicit descriptions, from which the identity of 
l^is species with Chatetes becomes evident before one subjects 
the fossil itself to a scrutinous examination. 

The margins of the irregularly polygonal, somewhat rounded 
orifices are indented by two or three, but not rarely by four and 
five, crest-like projections, and the intermediate portion of the 
margins shows the outlines of smaller columelles taking part in 
the formation of the walls. The tubules, one-third of a milli- 
meter wide, ascend almost parallel with each other from the base 
of the expansions to their upper surface without an obvious inter- 
ruption except by numerous transverse diaphragms, distant a little 
more th&n one tube diameter. Not a trace of lateral connecting 
pores can be discovered, and as Prof. Schliiter is fully aware of 
that fact, I feel somewhat surprised, that he unreseivedly places 
this form under the genus Calamopora, a synonym of Favosites. 



EXPLANATION OF PLATE. 
Figs. 1-3, MONOTRYPA TENNIS Hall, sp. 

1. Small portion of tangential section, X 35, showing structure of 
walls and one of the acanthopores. 

2. Portion of vertical section, X 18, showing an acanthopore, the 
])eaded structure of some of the walls, and several diaphragms. 
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8. Another portion of a vertical section, X 18, showing the entire 
thickness of a narrow layer of tubes, and the minutely punctate charac- 
ter of their walls. 

Figs. 4-8, CHiKTETES PONDEROSUS, n. Sp. 

4. Tangential section, X 18, with part of a cluster of large cclh. 

5. Portion of another section, x 28. 

6 and 7. Walls of two tubes, X 50, showing minute structure, the flrst 
with the wall thick, the second below the average in thickness. 

8. Vertical section, X 18, showing structure of walls of two tubes 
The constrictions of the walls are nearer each other than usual. 

Figs. 9-10, CiiiKTETES, sp. undet., from the Eifel of Germany. 
9 and 10. Vertical and transverse sections, X 18. 

Figs. 11-14, Cu.*:tetes millepokaceus Ed & II. 
11, 12 and 13. Small portions of three transverse sections, X 18, 
shoeing variations in wall-structure. 

14. Two tubes of a vertical section, X 18, showing wall-structure and 
arrangement of diaphragms. 

Figs. 15-16, Ch^.tete8 filiform is SchllUer, sp. 
15 and 16. Small portions of transverse and vertical sections, X 18. 
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Tertiary Plants from Bolivia.— In the Trans. Amer. Ins. M. Es. (June, 
1892), Prof. N. L. Britton describes a number of Tertiary plants collected 
by Dr. A. F. Wendt at the silver mines of Potosi. The plants were found 
in a fine-grained sandstone which, according to Prof. Kemp, who made a 
microscopic examioation of the rock, is undoubtedly volcanic glass and 
pumice. The fossils are very fragmentary, and the author is inclined to 
the opinion that some of the species represented are the same as living 
forms. Myrica &anA:«u/»(/6« Engelhardt, Cassia rhrysocarpoides Engl.^and 
C. ligustrinoides Engl., appear to be the most common. Ten new species 
are described and seventy-nine figured, of which ten are undetermined. 

Geology of Maryland, — Johns Hopkins Univ. Cir. No. 95, pp. 37-39. 
Under the auspices of Drs. G. H. Williams and W. B. Clark, the univer- 
sity geologists made seven excursions in the vicinity of Baltimore, and a 
short notice of the results is given in the present paper. 

For geological work this university is perhaps more favorably situa- 
ted than any other institution. The state presents all the periods from 
the Arch»an to the Tertiary, and much of this is within a short journey 
of Baltimore. Perhaps the most interesting excursion from a pahconto- 
logical point of view was that to Fort Washington, on the Potomac river. 
A section is here most beautifully exposed and consists of Pleistocene 
8 ft.. Eocene 12 ft.. Cretaceous 20 ft., Potomac 55 ft. The first and last 
being at this point non-fossiliferous. No new evidence is given regard- 
ing the positiQu of the Potomac group. 
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Cuprocasaitterite: A new mineral, — (Trans. A. 1. M. E. Feb. 1892). Mk. 
Tjtus Meke describes an apparently new tin mineral, which he discov- 
ered at the Etta mine, Black Hills, S. Dak. He gives the formula as 4 
SnO, + Cu, 8n (H O)^, containing 8n 60 p. c, H,0 8 p. c. Hardness 3, 
Sp. Gr. 5. Gives Sn and Cu reactions with soda. Dissolves In acids 
with separation of Sn O,. The author advances the opinion that the an- 
cients may have used this mineral, being of comparatively easy reduc- 
tion, in the manufacture of their bronze. 

Bohemian Garnets : Mr. George F. Kunz (Trans. A. I. M. E. Feb. 1892) 
gives the results of his visit to the garnet district of Bohemia, situated 
sixty kilometers northwest of Prague. The region is one of alluvium 
and diluvium resting upon the Cretaceous (Planer-kalk). Phonolite and 
basalt penetrate the strata. The garnets, which are of tlie pyrope va- 
riety, are found loose in the soil, in the diluvium, and embedded in the 
serpentine. The lower layer of the strata is cut away, the upper ones 
being thrown down, after which the stones are separated with water. A 
quantity of vertebrate remains have been found in the diluvium by Dr. 
Parek. They are exhibited at Trebnitz, and comprise Eleplias^ Rhinoc4i- 
rogy Antelodtui, Rangifer^ Cervus, Equus, Bos, Ursus and Sus. From a 
financial point of view, Mr. Kunz mentions the fact that in 1890 these 
" diggings " produced uncut garnets to the value of 80,000 guilders. The 
average daily pay of each worker Is about 38 cents. 

Eteolite-Syenitc of Litchfield, Maine^ and Hawes^ Hornblende- Syenite from 
Red Hill, New Hampshire. By W. 8. Bayley. Bulletin, G. S. A., vol. ill, 
pp. 231-252, with a map and microscopic sections; June 4, 1892. Two 
varieties of eleolite-syenite are described in this paper, one of which 
the author names litehfielditef from the township of Maine in which it is 
found. The second, which is a more nearly normal variety, comes from 
lied hill in Moultonboro, N. H., near the northwest end of lake Win- 
nipesaukee. 

The System of Mineralogy of James Dwight Dami, 1837-1868. — Descriptive 
Mineralogy. Sixth edition, by Edward Salisbury Dana. New York; 
I. Wiley & Sons, 1892, pp. 1134 + 53, figs. 1400. 

More than a score of years have passed since Prof. Dana, the elder, 
issued his fifth and last edition of his system of mineralogy. We are 
now glad to welcome this new edition, for the advance in this science, 
even in the past ten years, has been remarkable; still, his system in this 
country has not been abandoned. Besides many new additions, other 
changes of much importance have been incorporated in this sixth edi- 
tion. In the mathematical portion, the angles of the various species 
constitute an important feature. Many of these angles have been re- 
calculated and are now published in new form. Many new chemical 
analyses are given, adding much to the value of this great work. 

It is evident that professor Dana does not believe in an unnecessary 
increase in new species, aud it is also evident that his judgment in this - 
respect is correct, for there are too many workers who are rea4yi at the 
least pretext, to create new species. TbifL jnyMM|ri^^M|iMpij|l^pQi 
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too hurried examination. If new names tire absolutely necessary, let them 
be provisional until further investigations prove their right to become 
permanent. The learned author, much to his credit, is only able to rec- 
ognize between 800 and 900 species. We can agree with professor 
Dana in the statement that many apparently new species, if studied 
wi|}i sufficient care and comparison, would undoubtedly fall under some 
ol4 species and form varieties thereof, and of this the present work will 
be a constant reminder. 

The volume is a credit to American mineralogy, and the system of 
Dapa will continue to be, as in the past, the chief guide and authority for 
English-speaking students, at least in America. 

The Mannington oilfield and the history of its development. By I. C. 
White. Bulletin of the Geological Society of America, vol. iii, pp. 187- 
2i6, with map and sections; April 15, 1892. The district here described 
lies in Marion and Monongalia counties, W. Va., on the Monongahela 
irlver. In each of the three sections noted at Mount Morris, Mannington, 
aiid Fairview, the oil wells pass through the whole thickness (1,900 to 
9,000 feet) of the Carboniferous system, from the Permian or Dunkard 
Creek series to the "Big Injun" or Mount Morris oil sand, which be- 
longs to the horizon of the Pocono sandstone, the lowest of the Carboni- 
ferous strata. The paper contains also a very interesting history of the 
development, chiefly by Profs. White and Orton, of the "anticlinal theory" 
of reservoirs of oil and natural gas, and of its successful application to 
the discovery of new locations for oil wells in the Mannington district. 

Fossil 2)lants from the Wichita or Permian beds of Texas. By I. C. 
White. Bulletin, G. S. A., vol. iii, pp. 217, 218; April 15, 1892. A 
collection of nineteen species of plants from the Wichita formation in 
Texas, which is regarded by Dr. (\ A. White and Prof. E. D. Cope as 
certainly of Permian age on the evidence of its invertebrate and reptil- 
ian remains, is found to comprise eighteen species that occur in the 
Dunkard Creek series of West Virginia, southwestern Pennsylvania, 
and southern Ohio. The determinations of these plants were made by 
Prof. W. M. Fontaine, who, with the author of this short paper, referred 
these beds to the Permian, on the basis of their fossil flora, fourteen 
years ago. 

Notes on the Oeology of the Valley of ttie middle Rio Grande. By E. T. 
DuMBLE. Bulletin, G. S. A., vol. iii, pp. 219-230; April 22, 1892. The 
portion of the Rio Grande valley here described, from the mouth of San 
Felipe creek, near Del Rio, to Webb Bluff, near the south line of Mav- 
erick county, has a length of about 80 miles. The elevation of Del Rio is • 
973 feet, and the descent thence to Eagle Pass and Webb Bluff is about 
three feet per mile of direct distance, or approximately two feet per 
mile along the meandering course of the river. A slight southeastward 
dip, estimated to be about 100 feet per mile, brings successively newer 
beds into view as one travels down the valley, from the Arietitui clays of 
Lcpirer Cretaceous age at Del Rio to the Eocene beds of .Webb Bluff. 
^SkiB thickness of the Upper Cretaceous strata appears to be about 7,800 
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feet. Overlying the eroded Burface of these formations are gravel 
deposits, often cemented by calcareous matter and passing into lime- 
stone, named the lieynosa beds, which contain fresh-water shells, as 
Bulimus alternatus Say, and are thought to be a phase of the Lafayette 
formation. 

A revision and monograph of tlie genus ChonophyUum. By Will H. 
Shkrzer. Bulletin, G. S. A., vol. iii, pp. 253-282, with one plate; May 
24, 1892. Twelve species of this genus of Paleozoic corals are recog- 
nized, two of them being described for the first time. Ten are North 
American, and two (including one of the new species) are European. 
The genus existed through the Upper Silurian era and the Coroiferous 
and Hamilton divisions of the Devonian, its culmination being in the Up- 
per Helderberg epoch. 



PERSONAL AND SCIENTIFIC NEWS. 



The Royal Society of Canada held its regular annual meet- 
ing in the Parliament Buildings at Ottawa, Ontario, from May 
31st to June 2d. 

Tlie four sections adjourned to different apartments for the read- 
ing and discussion of papers. 

In 8eeti(m III, Chemistry and Mineralogy, Professor E. J. 
Chapman, of the University of Toronto, read the following two 
papers: (Jn a New Form of Ajiplicafion-Gottiomrter. On the 
Mej'ican Tijin' in the Crystallization of the Tojuiz, with some Remarks 
on CryHtalhtgraphic Notation. 

In Section IV, Geology and Biology, Mr. G. F. Matthew, of 
St. John, N. B., delivered his Presidential Address ^^On the Dif- 
fusion and Sequenae of the Cambrian Faunas.^' 

In this address an attempt is made to distinguish the littoral 
and warm-water faunas of the Cambrian age from those which 
mark greater depths of the sea and cooler water. 

On the hypothesis that species capable of propagating their 
kind in the open sea would spread rapidly to all latitudes where 
the temperature of the sea was favorable, such forms as the grap- 
tolites are taken as fixed points in the successive faunas. The 
relation to the graptolites is noted of various species of other 
groups of animals, as they occur in different countries. It thus 
4ippears that several genera appeared first in America and after- 
wards spread to Europe. 

On tlie other hand a very close connection appears to have ex- 
isted between the Cambrian faunas of tlie north of Europe and 
those of the Atlantic coast of North America. Hence it is in- 
ferred that the temperature of the sea of these two coasts was 
similar, and. the connection between them direct and unimpeded. 
Ecjual temperatures in these different latitudes would be main- 
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tained by a cold current flowing from the North European to the 
North Atlantic coast. The evidence available seems to point to a 
migration of the American species by a route to the west and north 
of the main part of the Atlantic basin. 

Mr. Matthew also contributed another paper entitled: lUustra- 
fions of the Fauna of the iSt. John Group, No, VII. 

This is the final paper on this subject and treats chiefly of the 
fauna of the highest horizon in the group. It was accompanied 
by a list of all the species of the St. John group, showing the sev- 
eral horizons at which they have been found. 

There was an index to the whole series of the author's papers 
on the species of this group ; those of the Basal series which under- 
lies it, and those described by the author from the Cambrian rocks 
of Newfoundland. 

Besides the species from the highest horizon of the Bretonian 
Division (Div. 3) which formed the main subject of this paper, a 
few others from near the base of this division were described. 
Among these are a small Camarella and Strophomena, also small, 
which is perhaps the oldest known being from near the horizon of 
Paraholina spinulosa. 

From the highest horizon itself the species are of the age of those 
of the Levis shale, or therealyout, as shown 1)}' the graptolites 
found here. There are several orthids, some of which are identi- 
cal with, or are varieties of species of the Levis limestone de- 
scribed by Billings. The few trilobites known are of Cambrian 
types and include a (Jyrlognathas allied to C. micropygus and a 
Euloma. Several minute ptiu'opuds occur in these shales with the 
graptolites. 

The fossils of this horizon are known only from one locality, 
near the Suspension Bridge at the '* falls" of the St. John river, 
where they have escaped denudation owing to the complete over- 
turn which the St. John group has undergone at that point. 

Mr. J. F. Whiteaves then presented a paper on The Fossih 
of the Hudson River Formation in Manitoba. 

The occurrence at the mouth of the Little Saskatchewan of 
rocks, which, on the evidence of a single fossil, were doubtfully 
referred to the Hudson River formation, is recorded by Dr. R. 
Boll in the Report of Progress of the Geological Survey for 1874- 
75. The flrst definite recognition of that formation in Manitoba, 
however, is contained in the Report of Progress of the survey 
for 1878-79, on the evidence of a large series of characteristic 
Hudson River fossils collected at Stony mountain by Dr. Ells in 
1875 and by Dr. Bell in 187!), preliminary lists of which were 
given. An additional collection of fossils from this very prolific 
locality was made by Mr. Weston in 1884. In 1891 and 1892 
Mr. D. B. Dowling found that Hudson River rocks occur also at 
Clarke's Harbour, ten miles north of the Little Saskatchewan, and 
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at an exposure six miles north of Clarke's Harbour, at each of 
which localities a small series of fossils was obtained. 

The object of the paper was to give as complete a list as possible 
of the fossils of this formation in Manitoba. In the museum of 
the survey there are now as many as sixty species from Stony 
mountain alone. 

Prof. Chapman contributed a paper On Paleozoic Corals, 
An attempt to simplify the determination of genera in the so- 
called TaV)ulated and Rugose corals of Paleozoic rocks. 

Sir William Dawson then summarized in a very interesting 
manner his paper On the Correlation of Early Cretaceons Floras 
in Canada and the United States, and on some new plants of this 
jieriod. 

The purpose of this paper was to illustrate the present state of 
our knowledge respecting the flora of Canada in the early Cre- 
taceous, and to notice some new plants from Anthracite, N. W. 
T., collected by Dr. Ami, and from Canmore, collected by Dr. 
Ilayden. It was a continuation of the author's paper on the Meso- 
zoic Floras of the Rocky Mountain region of Canada in the 
Transactions of the Royal Society of Canada for 1885. 

Sir William Dawson then introduced a paper by Dr. Ami, of 
the Canadian Geological Survey, ' *0n the Occurrence of Grapto- 
lites and other Fossils of Quel)ec age in the Black Slates of Little 
Metis, Quebec." This paper contains notes and descriptions of 
Graptolites and other fossils from an interesting collection made 
by Sir William Dawson from rocks which have generally been 
assigned to the age of the Quebec group. 

Prof. L. W. Bailey, of Frederickton, New Brunswick, in a 
paper entitled Observations on the Geology of Southwestern Nova 
Scotia, gives a review of the geological structure of Shelburne 
and Yarmouth counties. Nova Scotia, in the light of recent ex- 
plorations made by the author, with a sketch map of the form- 
ations. 

Section IV elected the following officers for the ensuing year: 

PreHidtnt—^ . F. WniTEAVKS, F. G. 8. 
Vice-preaident — Prof. J. Macoun. 
Secretary — Prof. D. P. Penhallow. 

The whole society elected the following officers: 

President— J. G. BouRiNOT, LL. D., etc. 
V irt'-p reside nt —Qeohue M. Dawson, C. M. G., etc. 
Secretary — .1. Fletcuek, F. L. S. 
Treanurer—A. R. C. Selwyn, C. M. G., etc. 

Before adjourning the society extended a unanimous invitation 
to the Geological Society of America to hold their next winter 
meeting in Ottawa, Canada. 

Dr. GE0R(iE M. Dawson, of the Geological Survey of Canada, 
has just had the honor of C. M. G. conferred on him by her Bri- 
tannic Majesty. 
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AN APPROXIMATE INTERGLACIAL CHRONOM- 
ETER. 

N. n. WixcuBLL, Minneapolis. 

Elates iv, v and vi. 
lu the present stage of the rapidly unfolding geology of the 
glacial and succeeding epochs every opportunity to cast light on 
that interesting drama should be improved. The writer contrib- 
utes the following discussion to the subject with a hope that it 
may have some weight in determining one of the questions which 
yet remain unsettled.* The evidence here given that a consider- 
able interval of time, at least equalling that which has elapsed 
since the final withdrawal of the ice from the vicinity of the falls 
of St. Anthony, intervened between the first and second glacial 
epochs, is, perhaps, not conclusive proof, but in the opinion of 
the writer, it is far stronger than any evidence that has l)een ad- 
duced tending to reduce that interval to a mere recession and re- 

*A previous paper by the writer, Tke Geology of Hennepin County, 1892, 
a chapter in The histn'y of Jlinne ipolis, I Atwater, contaias the outlines 
of this discussion. 

The daration of iaterglaclal time has aUo been indicated by Pres. T. 0. 
Chamberlin: Some additional eoidences hewing on the internal between the 
glacial epnchn, Bal. Geol. Soc. Am , vol. r, p. 459, 1890. The erosioa of 
the trenches to which he alludes, a*; least so far as they lie within the 
drifted latitudes, seems to liut very doub fully Indicate the duration of in- 
terglacial time, since, as urged by James Geikie (On the glacial period 
and the earth movement hypothesis, pp. 18-19) such valleys may have 
been eroded in periods long anterior to the first glacial epoch, or even in 
pre-Cretaceous times. 
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advance of the same glacial sheet, requiring a hundred, or two or 
three hundred, ^^ears ; and as such if it should be accepted finally 
it will remove from the field of future controversy one of the ex- 
treme views of the shortness of that interval, and will open up a 
more clear, because more restricted, field for further investiga- 
tion. 

In the sixth annual report (1877) of the Minnesota survey (p. 
70) allusion was made to an old gorge in Ramsey county, in the 
following words: 

There is some appearance of the former extension of the valley of 
Rice creek much further southward, and it is no unreasonable sugges- 
tion that the great Mississippi itself may have once occupied this valley, 
entering the great gorge again where it becomes remarkably widened, 
at St. Paul; but the evidence is entirely topographical. Such as it is it 
ia perhaps overbalanced by a confusion of hills and high drift ridges 
north of St. Paul, which render it improbable that the Trenton is any- 
where entirely cut through from the Rice creek valley to St. Paul, as 
would have been the case if the Mississippi ever passed through there. 

Also, on p. 85 of the same report is the following statement: 

There is also a significant change in the direction [of the Mississippi], 
and one the more significant as it seems not to have been due to any 
rock formation existing at St. Paul, but directly contrary to the rock 
sculpturing that exists there favorable to the continuance of the river in 
any pre-occupied valley running in the same direction. Allusion has 
been made to a possible ancient gorge through the Trenton north of St. 
Paul in describing the surface features of the county, but on the geologi- 
cal map of the county no such gorge is represented, because it never has 
actually been discovered, and its hypothetical location would perhaps be 
of no service. * * * * 

These anomalous and significant facts can all be reasonably explained 
on the supposition that the Mississippi river was diverted from Its 
ancient valley-gorge, north of St. Paul, by the ice and drift of the first 
glacial epoch, and that it was driven into that which has been described 
in the report on Hennepin county, toward the west further, and joined 
the Minnesota valley at some point above Fort Snelling, but between 
that point and Shakopee, without passing over or through the Trenton 
limestone at all. Their united waters then formed the river which 
excavated the gorge between Fort Snelling and St. Paul (unless the 
Minnesota alone had already done it) between the first and second glacial 
epochs. 

Since that report was written several results have been attained 

which diminish the obstacles to the hypothesis which then existe<l. 

The extent and distribution of the moraines of the state have been 

established by more field work. The ancient discharge of the 
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Minnesota river eastward through some valleys which lead to the 
Mississippi river at points south of St. Paul, thus possibly remov- 
ing the Minnesota river from the elements of the problem, has 
been described both by Mr. Upham and by the writer in reports 
on Martin, * Blue Earth, Rice, Goodhue and Dakota counties. 
Some data from deep wells and from topographic levels have been 
obtained bearing upon 'the probability of a continuous old rock- 
cut valley extending from the mouth of Rice creek, near Fridley, 
to St. Paul. 

More recently the attention of the writer has been given again 
to this subject,* and he has attempted to illustrate on plates iv 
and V and vi some of the data on which the conclusions of this 
paper are based. That the valley of the upper Mississippi is 
very old is evident on a moment's reflection, t That the main ar- 
tery of its drainage must always have had a channel, more or less 
wrought in the rocky crust, is equally evident. It is also very 
plain that that old valley, and that old excavated channel, must 
have dated from the uprising of the rocks that formed the surface 
in the vicinity, from below the ocean's level. Many changes, 
perhaps such as to cause the shifting of the actual line of erosion 
by such drainage from place to place, within certain limits, may 
have taken place since the Archean rocks of the central region of 
Minnesota first began to shed the continental waters. Some of 
these may have occurred since the Cambrian and Lower Silurian 
rocks, which are the only ones (with one non-important exception) 
which now exist in the region concerned later than the Archean, 
rose above the ocean and added their quota to the land area of 
the region. Allowing for all these shiftings, which are entirely 
h^'pothetical and have no claim to be allowed, in any exact state- 
ment, yet it will be at once admitted that there was sufficient of 
quiet in the interval from the Lower Silurian to the present, to 
permit the early Mississippi to excavate what might be styled a 
' ' base- leveled'' gorge through the rocks over which it flowed. We 
will not here enter upon the evidences that the present gorge is 
the oldest, dating from Silurian times, at least between St. Paul 
and the southern boundary of the state, but will simply call atten- 
tion to the fact that the immediate source and the mouth are most 

*0/;. cii. The Geology of Hennepin County. 

tE. W. Claypole. The Story of the Mississippi-Missouri. Amer. 
Geologist. Vol. iii., pp. 361-377. 
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subject to change, the former by recurring glaciation, and the 
latter by oscillation of the coastal lands. It is therefore obviously 
a non-sequitur to base any statements respecting the age of the 
upper Mississippi on facts and features that may be observed in 
the lower portion of the valley, and this will apply, with proper 
limitations, to a great many of the tributaries of the Mississippi. 

Such *' base-leveled " channel, with steady slope and easy cur- 
rent, could have had no water- falls such as are produced by alterna- 
tions in the rock-strata with which streams come in contact in 
drift-covered latitudes. The occurrence of a water- fall in a river 
implies a comparatively recent change in the location of its bed. 
The same is true of rocky rapids. The drifted regions abound in 
water- falls. The non-drifted are without them; but vice-versa the 
drifted regions are scantily supplied with deep river-cut gorges, 
and the non-drifted are scored by deep gorges cut by the surface 
drainage. 

Such a valley is the gorge of the Mississippi, from St. Paul to 
the Iowa state line. Its depth is not measured by the hight of 
the present bluffs, for the excavation is found to extend several 
hundred feet below the present surface of the river. It has re- 
cently been partly refilled. Drift deposits (gravel and sand) lie 
upon the bottom of the rock-gorge and have a thickness of over 
two hundred feet. 

As the eroded valley is immensel}' deeper, within Minnesota, 
than the present bluffs, so it is also wider. The Trenton lime- 
stone which was its bed in Upper Silurian time and perhaps in Car- 
])oniferous, now forms bluffs along each side some miles distant, 
having been wasted away more rapidly than the other, lower, lime- 
stone strata, through the disintegrating action of the erosible St. 
Peter sandstone immediately underlying it. (See plate v, fig. 3). 
These distant Trenton-St. Peter bluffs approach the river toward 
the north further, and at the falls of St. Anthou}' the Trenton 
again forms the bed of the river, being the barrier at the brink 
over which the water plunges. (See plate iv, fig. 2.) 

The study of the falls and the surrounding region has revealed 
some earlier history of the river, and has brought to light some of 
the abandoned gorges which the river formed in interglacial and 
pre-glacial times. The oldest valley seems to have been the most 
direct one, viz: that extending from the mouth of Rice creek 
above Minneapolis, to the mouth of Trout creek, at St. Paul. 
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This is also the most frayed and smoothed off with age and surface 
disintegration, thus becoming wider and less distinct. 

In 1680, when father Hennepin, the discoverer of the falls of 
St. Anthony, taken by the Sioux Indians in the vicinity of La 
Crosse, was led in captivity to lake Mille Lacs, the source of 
the (then) St. Francois river, they left the Mississippi at St. Paul 
and apparently followed this route to avoid the rapids and falls of 
St. Anthony ; for in this valley are several lakes and from them 
flows a canoeable stream to the Mississippi again, northward. 

There is a significant break-down and total lack of the Trenton 
limestone at St. Paul on the left bank, just al)ove Dayton's bluff, 
for a distance of nearly a mile. This break-down occurs on one 
side of the right angle which the river there makes, and directly 
where the course of the present river-channel below, if extended 
northwestward without the right-angled turn, would encounter the 
bluff. This fact alone is significant of changes in the course of 
the gorge of the Mississippi as occupied and eroded at different 
epochs in the past. On following up this intimation, the inquir- 
ing geologist ascertains that there is not only no known existence 
nor any sign of the Trenton limestone anywhere northwestwardly, 
and that the St. Peter sandstone a lower stratum occurs in out- 
crop in the low grounds intervening between the mouth of Trout 
brook and the mouth of Rice creek, but also that on either side, at 
a short distance, the Trenton still exists. On the southwest side 
it rises into a conspicuously hilly tract, and includes some of the 
highest beds belonging to this formation known in this part of 
the state. On the northeastern side it is less prominent, occur- 
ring so far as known, mostly as remnants of the outrunning fringe 
of the formation. But still further east, across a wider valley, a 
conspicuous spur of the higher beds of the Trenton shoots off 
northeastwardly, diverging from St. Paul and passing into Wash- 
ington county at Castle. This shows that at some former time 
there was a great valley northward from St. Paul, whose east and 
west sides diverged from the break -down in the Trenton which 
has been mentioned. One portion of this great valley, lower now 
than the rest, extends northwestwardly to the mouth of Rice's 
creek and there encounters the present Mississippi river six miles 
al)Ove the falls of St. Anthony. In this portion of this valley lie 
McCarron, Bennett, Josephine, Johannah and Long lakes, con- 
nected with the Mississippi, either toward the north or toward the 
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south and with each other, by Rice creek and Trout brook, con- 
stituting a marked valley which connects the Mississippi above 
the falls with the Mississippi below the falls by a nearly direct 
course. (Compare plate vi.) 

The writer, in former papers, has discussed the recession of 
the falls of St. Anthony,* and has deduced a time-measure for 
their recession from Fort Snelling to Minneapolis, and has shown 
that this also measures the time elapsed since the last glacial 
epoch. This result, approximately 7,800 years, has generally 
been accepted by glacialists, especially in America. It was 
shown that just prior to the last general glaciation the Mississippi 
river at Minneapolis occupied an old valley which diverges from 
the present channel within the limits of the city, at the mouth of 
Bassett's creek, passed southward where now a series of lakes lie 
(Calhoun, Harriet, etc.) and joined the present Minnesota chan- 
nel at some point a short distance above Fort Snelling. There it 
turned to the northeast, at a right angle, and went on to St. Paul, 
and thence, with another right angle, as now, it finally took its 
undeviating course southward. The significance of the first of 
these right angles has been pointed out in that earlier discussion. 
It is the purpose of this paper to point out and discuss the sig^ 
nificance of the second. 

In the light of what has been shown for the first it is a reason- 
able expectation to find a similar explanation of the second, 
should similar or identical conditions attend the second. 

Those conditions are: 

1. A great river seeking a channel of discharge, through a 
country uniform in its topography and geological structure, to the 
ocean. 

2. The derangement of the natural, direct and primary course 
of its erosion by the on coming of the conditions of a glacial 
epoch. 

3. The choking up of the (then) existing channel and the 
acceptance by the river on the retirement of the glacial conditions 
of another slightly different channel. 

4. Its entering again upon its old channel at a lower point, 
and the birth at that point of a new waterfall. 

♦Fifth annual report of the Geological Survey of Minnesota, 1876, pp. 
156-189. Quart. Jour. Geol. Soc. Lond., Nov., 1878, pp. 885-902. Final 
report of the Geological and Natural History Survey of Minnesota, vol. 
II, pp. 813-341. 
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5. The recession of this waterfall backward till it cut a gorge 
through the obstruction which it had been compelled to surmount 
rather than flow round. 

6. The greater depth, width and different direction of the old 
gorge from the gorge which the river excavated in the later stage 
of its history. 

7. The existence of another older valley from which the river 
might be presumed to have been expelled. 

8. The movement of the ice, in general, in that direction, 
about the falls of St. Anthony, which would tend to throw the 
river from its supposed older channel toward its supposed newer. 

These conditions all do exist, in connection with the second 
right angle, as plainly as tiiey do in connection with the first. 
The map on the accompanying plate (vi) illustrates them. The 
difficulty which we encounter in attempting to handle the facts 
consists in the consciousness that they relate to a very old history. 
We have not often attempted to place time limits on geological 
data, and when we have ventured to do it we have confined our 
assays within post-glacial time. Our next step must be beyond 
the border that sets off post-glacial history as a unit of geological 
time amenable to our scrutiny, and leads into interglacial time. 
We reach the results inductively, just as we have for post-glacial 
time. Here are a set of facts. They need reasonable inteq)reta- 
tion. That hypothesis which suited the other set of identical 
facts is naturally the first one invoked for this. Does it apply as 
well? 

The movement of the ice of the first glacial epoch has been 
stated to have been from the northeast in the vicinity of the falls 
of St. Anthony, that of the second from the northwest. This is 
based on the prevalent direction of transport shown by the nature 
of the drift materials when they are referred to their native places. 
The lower till — the copper-colored or red till — has a preponder- 
ance of rock debris from the region of lake Superior, and north- 
em Wisconsin. The upper or gray till, which has a marked con- 
trast with the red, has a preponderance of rock debris from the 
direction of the Red river vallev. These tills come into contact 
alx)ut Minneapolis and St. Paul, and in all places where the two 
are seen in place, the gray overlies the red, but they are frequently 
separated by a layer of sand and gravel referable to the epoch of 
the red. When the glacier which deposited the red drift ap- 
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proacbcd the region of Minneapolis it must have found the Mis- 
sissippi running in its most direct course southward, for it can 
only be supposed that the ordinary events of ordinary seasonal 
changes, and ordinary erosion of the surface of the country, prior 
to that event, would have acted to determine the location of the 
stream. Archaean highlands existed toward the east, in Wiscon- 
sin, and toward the west, in Minnesota, When the land rose 
from the Cretaceous baptism, those highlands must have shed 
their surface waters toward this valley. The resultant main 
stream, taking the easiest course toward the sea, excavated its 
channel first through the Cretaceous sediments and then into the 
Silurian or other strata, guided only by the accident of pose of 
the surface. If we know of no cause that could have diverted 
it, as we do not, we must suppose, a priori^ that its course would 
be the most direct and shortest to reach sea level. We take no 
account here of the possible, and even probable, existence of a 
pre- Cretaceous river and hence a pre-Cretaceous gorge, for had 
such existed it would, in the first instance, have been governed in 
its location by the same infiuences. We might add, that had 
such pre-Cretaceous gorge existed, its effect on the contours of 
the surface after the mantle of the Cretaceous sediments had been 
spread over the region, would have been favorable to the re-loca- 
tion of the stream, when the land became dry again, in the same 
gorge as it had excavated in pre-Cretaceous time, and hence that 
it matters but little whether we discuss here the pre-Cretaceous 
or the post- Cretaceous drainage. In either case the shortest, and 
the lowest line of drainage was chosen. A glance at the map, 
and a knowledge of the geology of the region would at once indi- 
cate that the Mississippi, on the advent of the first glacial epoch, 
was probably running in the valley which has been referred to, 
from the mouth of Rice creek to the mouth of Trout creek, thus 
cutting out both of the right-angled turns that it now makes be- 
tween those points. This valley it must have occupied during 
Tertiary time at least, and probably since Lower Silurian time. 

Where was the Mississippi running on the withdrawal of the 
ice of the first glacial epoch? As has been stated, it was shown 
that when the second glacial epoch approached, the Mississippi was 
running in a channel excavated through the Trenton-St. Peter 
along the western suburbs of Minneapolis and reached the Minne- 
sotii valley at some point above Fort Snelling, and it is fair to as- 



Vol. X, Pijirm Vr. 




Scale 4iufic« - 1 Incn 

CONTOUR MAP OF THE VICINITY OF THE FALLS OF ST. ANTHONY, 



Interglacial Chronometer. — WinchelL 77 

sume that it was driven there by the events and forces of the first 
glacial epoch, and that it had occupied it during the time that in- 
tervened between the two glacial epoclis. But that is an excavated 
river gorge, cut in rock in a manner similar to the present gorge, 
except that it is wider. Our problem is to measure the time re- 
quired for such excavation, for we are obliged to infer that the 
manner of its excavation was by the recession of an interglacial 
falls of St. Anthony. 

In this problem there are some elements identical witl; those 
which were employed in the calculation of the time required for 
the formation of tlie post-glacial gorge, and there are some which 
are somewhat different. 

Those which are the same are: 

1. The general slope of the country. 

2. The contact of the two formations which conspire to cause 
the water- fall. 

3. Uniform and horizontal position of the same rocks. 

4. Definite limit for the upper end of the eroded gorge. 

The elements which are different, or uncertain, are the follow- 
ing: 

1 . The size of the river. 

2. The lower end of the excavated gorge, /. e. whether the 
falls began at that point above Fort Snelling where the Mississippi 
at that time met with the Minnesota river, or at a point at St. 
Paul opposite Dayton's bluff, where the lower right-angled turn 
takes place. 

As to the size of the river during interglacial time we have 
no definite data, except that we may infer that it was not so large 
but that it could flow in the gorge it excavated. We have no re- 
liable data by which to estimate the annual precipitation over the 
region which the river must have drained. It was a period in 
which some of the mountain ranges of the western country did not 
exist. The Rocky mountains did not extract and return to the 
Pacific ocean the moisture from the western winds quite so readily 
as they do now, and hence the contrast in annual rainfall between 
the plains and the eastern portions of North America was not so 
marked. Again there must have been active volcanoes in the 
western portion of the United States and perhaps some in Colo- 
rado. These must have disturbed the atmospheric conditions, 
causing at least in their near vicinity, copious rains, and these 
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centers of atmospheric disturbance were doubtless in some in- 
stances wafted far eastward, and even northward, shedding on 
the plains more moisture than they receive now. The present 
«ize of the interglacial gorge being somewhat larger than the post- 
glacial gorge, even after making allowances for some enlarge- 
ment by the disintegrating action of the last glacial epoch, and 
there being some reason to think the western country was wet in 
many places where now it is dry,* it is reasonable to infer that 
the river was permanently sustained at a higher stage by a greater 
precipitation. If this be allowed we shall have to admit that it 
would act more powerfully at the brink of a receding waterfall, 
and that the recession of such water-fall, for any given length of 
time, all other things being equal, would have been more rapid in 
interglacial time than it has been in post-glacial time. This dif- 
ference may have amounted to twenty-five per centum of the post- 
glacial recession. 

Tn regard to the point of debouchure of the interglacial Missis- 
sippi into a pre-existing gorge, giving rise to a water-fall at the 
commencement of interglacial time, there are such uncertainties 
that it will not be possible to determine whether it was at St. Paul, 
opposite Dayton's blutf, or at a point in the Minnesota valley a 
few miles above Fort Snelling. This all depends on how old that 
portion of the Minnesota (now the Mississippi) valley is, between 
St. Paul and the supposed point of junction above Fort Snelling. 
There is some reason to suppose that the Minnesota river did not 
always unite with the Mississippi where it does now, nor at anj' 
point in the vicinity. The Minnesota itself, at Mankato, has a 
significant right-angled elbow, and at other points further north it 
shows signs, especially in glacial and post-glacial time, of having 
taken a course to the Mississippi across Rice, Dakota and Good- 
hue counties. At earlier dates its waters may have found passage 
to the sea toward the southwest and the Missouri river, or through 
some of those deep rock-cut gorges which characterize the Undine 
region in Blue Earth county, thus having had some agency in the 
pre-glacial sculpturing of those canons in which lie the curious 
''chains of lakes" which Mr. Upham has described in Faribault 
count}'. 

♦This difference is indicated by the existence of interglacial peat beds 
in southern Minnesota, and the discovery of many trees like cedars 
whose habitat is usually in swamps, in the upper till as well as in the 
peat beds. 
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Be all that as it may, there is one fact which tends rather in the 
opposite direction, and indicates that the Minnesota itself cut a 
gorge between St. Paul and Fort Snelling and also further up its 
valley even in pre-glacial time, and that the interglacial Missis- 
sippi found this gorge in existence when it was compelled to aban- 
don permanently its own pre-glacial gorge. That evidence consists 
in the depth of the gorge between St. Paul and Fort Snelling. 
This excavation has to be measured through the whole thickness 
of rock-strata which have been cut, regardless of the accidents of 
the present, for the spreading of the drift has obscured the historj' 
of the river preceding the ice age. This country became dry land, 
so far as can be judged from the latest marine formations (not 
considering the Cretaceous), at the close of the Lower Silurian. 
The whole of the Lower Silurian was probably deposited through- 
out the area included in this calculation, and at the present time 
there are preserved, in the hills to the south of St. Paul, as well 
as at St. Paul and toward the northwest and northeast, as already 
stated, some of the higher layers of the Trenton, even including 
soipe distinctively Galena chai'acters. The thickness of all the 
Trenton beds (shales and thin limestones) is 114 feet. The St. 
Peter is exposed, above the river level, about 75 feet, and the 
gorge, as revealed by deep wells, is cut about 200 feet below the 
water level. The total excavation in the rock therefore is 389 feet. 
As this comports with the general depth of the Mississippi gorge 
below St. Paul, which must be referred to pre-glacial history, 
rather than with any excavation that can be referred to intergla- 
cial time, it points strongly to pre-glacial time for the excavation 
of the vallev between St. Paul and Fort Snelling — and hence also 
to the occupancy of the present valley in general by the Minnesota 
since pre-glacial time. 

At any rate, whether the interglacial falls began at St. Paul or 
not, the length of time required for their recession to the mouth 
of Bassett's creek is sufficiently long for the purpose of this paper. 
We will, therefore, assume the shorter recession, and calcu- 
late from the point above Fort Snelhng on the Minnesota bluffs at 
which the Mississippi may be supposed to have leaped from the 
Trenton limestone to the river below when it was driven from its 
pre-glacial gorge. 

In a direct line the mouth of Nine-Mile creek in Bloomington 
township, which may most reasonably be taken as the point of 
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commencement of the interglacial falls of St. Anthony, is distant 
from the mouth of Bassett's creek where they stopped their reces- 
sion, twelve and a half miles, or about 50 per cent, further than 
the distance through which the post-glacial falls have receded, 
from Fort Snelling to Minneapolis. Taking the results of the 
calculation of the post-glacial rece-ssion as a measure of intergla- 
cial recession, we find they compare with the interglacial condi- 
tions as follows: 

Po«t-glacinl receaniou 8^ mihs, in 7,800 yvam. 

Interglacial rpcrgsiou, 12^ miles^ at a rate perhnpa 25 pir veirt, 
faitvr. 

The greater distance will more than compensate for the greater 
rate, and will allow us to add to the time required about 25 per 
cent, of the ixjst-glacial time. This indicates 9,750 years for the 
lapse of time required for interglacial recession. 

Such an interval of time, if it occurred between the two glacial 
epochs, would allow for something more than the temporary re- 
treat and re-advance of the same ice sheet. It would give time 
for the weathering of the till of the first glacial epoch and the 
excavation of valleys in it b}' interglacial streams. It is time 
sufficient for the growth of forests and the accumulation of peats, 
for the development of a somewhat characteristic fauna and flora, 
and for the establishment of some human habitation as well as 
civilization. The whole Egyptian dynasty, and perhaps the dawn 
of the Chinese, might be compassed in such a period. 



NOTES ON MANGANESE IN CANADA. 

II. p. BuirMBLL, Ottawa. 

Assistant, DivisioD of Mineral Statistics and Mines Geological Survey 

of Canada. 
(Communicated by permission of the Director.) 

In preparing the following brief sketch of the various impor- 
tant deposits of manganese in Canada, 1 have embodied the 
greater part of tae article on that substance which I prepared for 
the annual report of the division of Mineral Statistics and Mines 
for 1890.* 

That the industry has not attainetl greater commercial promi- 
nence is due rather to its distance from market than to anv in- 
surticiency of supply; this applies, however, more especially to 

♦Annual Report Geol. Siirv., part 8, Vol. v, 1889-90. 
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the low grade or blast furnace ores than to the highly crystalline 
pyrolusite for which the market is restricted. Of the geographi- 
cal position of the ore deposits little need be said beyond the fact 
that th6 worked and, as far as is yet known, the workable deposits 
are all situated within New Brunswick and Nova Scotia. Through • 
out these provinces are found many comparatively extensive de- 
posits of the crystalline and semi-crystalline ores, viz: pyrolus- 
ite, manganite and psilomelane, as well as large areas of wad or 
bog — manganese. The crj'stalline ores are, in the majority of 
cases, found in rocks of Lower Carboniferous age, while the bog 
ore deposits, being of recent formation, are found overlying rocks 
of any formation from the pre- Cambrian upwards. 

New BruHHvnck. — In New Brunswick the most important de- 
posit of the crystalline ores is that at Markhamville, Sussex, 
Kings Co., from the workings of which upwards of 20,000 tons 
have been shipped. The ore deposits are irregular beds, pockets 
and veins in a small area of Carboniferous limestone, on the 
northwest side of which are located the workings. Many of these 
ore bodies have attained large dimensions, one of them affording 
in the neighborhood of 4,000 tons of manganite with a consider- 
able proportion of pyrolusite. The discovery of manganese at 
this point was made in 18G2, when it was worked by Mr. Wm. 
Davidson, of St. John, until 1865, after which the property 
passed into the hands of the Queen Manganese Co. , by whom it 
was operated under the management of Major A. Markham until 
1889, when it again changed hands and was operated, still under 
Major Markham, by the Pope Manganese Co. Owing to the loca- 
tion of the deposits, in a valley cut through the softer limestones, 
no regular system of mining has been attempted, the operations 
being, until quite recently, altogether in the form of drifts and 
open cuts with which the hill on the north and west side of the 
property is literally honey-combed. During 1890, however, ex- 
plorations were being made by means of the diamond drill, with 
the result that two deep-seated deposits had been found and were 
l>eingsunk upon. 

Of the ore shipped from this mine two distinct classes are rec- 
ognized, viz: ^ 'Blast furnace ore, ' consisting almost entirely of 
manganite, and high grade or ''grey ore," consisting of pyrolu- 
site. The following analyses are of "high class manganese ore 
from Markhamville, New Brunswick" and are taken from "The 
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Mineral Resources of the United States, calendar year 1888." 

Washington, 1890: 

No. 1. No. 2. No. 3. 
Manganese binoxide 98.70 

•* peroxide 97.25 90 62 

Silica 0.55 

Iron 0.75 

Iron peroxide 0.85 0.78 

Barium trace 

Baryta and silica 
Water 
Loss 

Another important deposit of crystalline ore is that of Jordan 
mountain al30ut five miles north of Sussex, Kings Co., and on the 
western side of the mountain. The ore bodies occur in a man- 
ganiferous limestone throughout which are scattered, in a manner 
similar to that at Markhamville, more or less extensive deposits 
of pyrolusite and manganite. Since its discovery in 1882, by 
the present owner, Mr. F. W. Stockton, of Sussex, but little has 
been done, further than a small amount of development work, 
consisting of stripping and an open cut of al>out eighty feet in 
length, in the bottom of which might be seen an interbedded len- 
ticular mass of ore, principally manganite. From this cutting 
about 400 tons of eighty to eighty-five per cent, ore had been 
ex t meted. 

Operations have boen carried on for many years and by different 
companies at Quaco Head, a bold rocky promontory about one mile 
southwest of the village of St. Martins, Kings Co., unfortu- 
Lately. how^ever. with but slight success, owing to the low per- 
centage of ore contained in the rock mass. The deposit con- 
sists of a heavy bed of red calcareous shale highly charged with 
manganite and psilomelane, pyrolusite being of much rarer occur- 
rence than in the limestone deposits of the aforementioned local- 
ities. The property has been worked in a very desultory man- 
ner for many years, energetic operations not having been under- 
taken until its acquisition by the present company, who began 
work by driving a tunnel into the shales which show a bluff face 
of about 150 feet high. From this tunnel, which was driven about 
sixtv feet, two cross-cuts were made in either direction for about 
twenty feet. In these workings several small pockets and con- 
siderable quantities of mill-rock were struck and the ore ex- 
tracted, though no shipments were made. In connection with the 
mine a well e([uipped mill was erected and a wharf built and 
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all facilities made for the easy handling of the ore. Owing to 
the position of the mine, ore could be run direct from the work- 
ings to the wharf and loading accomplished at one handling by 
means of self-damping cars. 

Assays of the concentrated ore made by A. M. Cowly, Cam- 
bridge, Mass., gave the following resnlt: 

Compact Porous 
variety. variety. 
Mangaoese dioxide 71.54 65.00 

Insoluble silicates 8.37 tf.66 

Ferric oxide 2.19 1.75 

Ph' sphorus 0.02 0.04 

Calcium trace trace 

Metallic manganese 58.20 57.15 

A considerable proportion of lime is generally present in the 
concentrates, which will not, however, interfere with their fitness 
for use in the manufacture of steel for which purpose all the ore 
from this property will be most suitable. 

A {)eculiar ocx^urrence of manganese is that which is to be seen 

on the north and northeast side of Gowland mountain, Elgin, 

Kings Co. , where the ore, consisting principally of psilomelane, 

is found tilling the interstices of a very much broken and partly 

decomposed granite of pre-Cambrian age. A small amount of 

development work was done on these deposits without, however, 

locating any other than small bunches of a very impure pyrolu- 

site and psilomelane. The following analysis made in 1885 by 

Mr. F. D. Adams, late assistant chemist to the Geological Survey, 

is that of a specimen of psilomelane from this propert}': 

Manganese dioxide, available 50.21 per cent. 

Ferric oxide 3.06 ** 

Insoluble residue 33.78 ** 

The specimen also contained a very appreciable percentage of 
baryta. 

This property is peculiar in affording the only instance in New 
Brunswick where the crystalline ores of manganese are known 
to occur in appreciable quantity outside of the Carboniferous 
areas. 

Other localities where manganese, in its crystalline forms, have 
been noted are, Upham, Waterford, near Petitcodiac, Springfield, 
Tete-a-Gauche Falls, and many points throughout Albert county. 
Of one of these, Shepody mountain, Dr. R. W. Ells, in his report 
to the Geological Survey for 1884, writes: *'The rocks of the 
mountain (Shepody mountain) rest upon a small outlier of the 
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talco-ehloritic schists, whicli show on the road to the north, lead- 
ing to Ciirryville, and are flanked on the east by the grey sand- 
stones of the millstone-grit. On the northwest side « a large de- 
posit of manganese was worked for some years, a tunnel being 
driven into the mountain along the contact with the underlying 
schists for nearly 1,000 feet, the ore, which consisted of pyrolu- 
site and psilomelane, occurring at the base of the conglomerate 
in irregular pockets. Operations have been suspended for some 
years, and the workings have all fallen in." 

Of the deposits of wad in New Brunswick the most important 
are those at Dawson Settlement, Albert Co. , where many acres of 
ore are found, the beds varying in extent and depth, and attain- 
ing in some places a thickness of over forty feet, to which point 
they have been proved. The deposits are covered throughout 
with peat and peaty matter, having a thickness of about twelve 
to twenty inches, the ore beneath this being found to be practically 
free from impurities. The mode of working is very simple, con- 
sisting of cross trenching, by which means the deposits are 
drained, after this the ore is excavated and dried in pans, the re- 
sult being a dry and almost impalpable powder. 

A partial analysis of the ore by Mr. W. F. Best, of St. John, 
gave : 

Manganese binoxide 47.0 

Iron oxide 18.0 

Vegetable matter 34.0 

Loss 1.0 

Copper trace 

Cobalt trace 



100.0 
Several analyses by 3Ir. John Burwash gave the following per- 
centages of manganese binoxide: 73.6, 35.5, 58.3, 57.6, 70.7, 
63.4, and an average specimen collected at various points and 
sampled gave 47.4. 

Nova Sciifia. — As in New Brunswick extensive deposits of 
manganese are known to exist in Nova Scotia, where the ores and 
mode of occurrence are similar though ditfering in a great meas- 
ure in the matter of production, that of this province being much 
smaller than that of New Brunswick. In Nova Scotia, however, 
there is a very large proportion of pyrolusite or high grade 
ore. 

On the south shore of Minas Basin and midway between Noel 
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and Wttltoii; is situated the best known and most important man- 
ganese mine in Nova Scotia, the Teny Cape mine, which, since 
its discovery in 1862, has been operated more or less continuously. 
The ores, consisting mainly of pyrolusite and manganite, are 
found in the Carboniferous limestone which may be traced for 
many miles on the south shore of Minas Basin, the limestone im- 
mediately in connection with the ore deposits being highly man- 
ganiferous and interstratiiled with small beds and masses of 
manganiferous calc-shale, the w^hole being usuall}' of a deep red 
color. The mode of occurrence is pockety, the ore being found 
in irregular masses and stringers which follow the bedding planes 
and fractures; some of these pockets are of considerable extent, 
one affording, it is said, upwards of 1 , 000 tons of high grade ore, 
principally pyrolusite. A very considerable proportion of all the 
ore extracted from this mine has been pyrolusite worth from $100 
to $125 per ton at the works, and containing from 85 to 95 per 
cent, of available binoxide. 

The following assays taken from an article entitled * * Notes on 
the Manganese ores of Nova Scotia," by E. Gilpin, Jr., show 
the character of the ores obtained from Teny Cape and vicinity : 

Teny Cape (a) Cheverie (ft) Douglas 

Manganese oxides 85.54 90.15 84.62 

Iron peroxide 1.18 2.55 0.60 

Baryta 0.89 1.12 0.72 

Insoluble matter 3.27 2.80 1.73 

Phosphoric add 0.34 1.03 

Water 8.64 2.05 5.29 

Oxygen 7.04 



99.76 99.70 100.00 

(rt) Analyst, Dr. Howe. 
{b) * E. Gilpin, Jr. 
(c) " H. Poole. 

Deposits similar to that at Teny Cape have been worked to a 
smaller extent at Cheverie, Walton, Noel and Shubenacadie, on 
the south shore of Minas Basin, while on the north shore no im- 
portant deposits of manganese have been noted, though some of 
the limonite and other iron ores of the neighborhood of London- 
derry are highly manganiferous: this is also the case with many 
of the iron ores of both Colchester and f ictou counties. 

The following assay's, taken also from Mr. Gilpin's article men- 
tioned above, show the character of some of these ores, the par- 
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ticular cases cited here being of two limonite ores from Spring- 
ville, Pictoii county. 

Iron sesquioxide 10.848 48.223 

MaDi^aneBe oxide 62.950 

** peroxide 14.410 

Magnesium 1.680 

Lime 7.280 0.015 

Alumina 2.880 Trace 

Baryta 0.670 

Sulphur 0.480 

Phosphorus 0.020 

' Insoluble residue 2.731 25.130 

Water of composition { ioicqa 

Moisture 1.450 S 

' _________ ___^— ^ 

90.439 100.808 

On Cape Breton island as well as on the main land of the 
province are found deposits of manganese, some of which attain 
considerable dimensions. Among the more important of these 
may be mentioned those situated near Loch Lomond, and of 
which Mr. Hugh Fletcher reports as follows: Geological Survey 
report, 1882-84: 

* ♦Large deposits of pyrolusite, which promise to be of great 
importance, have recently been discovered and developed b}' the 
Hon. E. T. Moscley, of Sydney, on the south side and near the 
head of Loch Lomond, in Cape Breton county. The ore is asso- 
ciated with lower Carboniferous rocks and has been worked in 
two places alK)ut three-quarters of a mile apart. At the most 
easterly of these, in a brook on the farm of Norman Morrison, a 
tunnel has been driven about thirty feet on a vein about seven 
inches thick, dipping N. 87° W. < 25° in fine red sandstone 
overlying reddish and greenish grit, with grains of quartz about 
the size of wheat and red marly sandstone. The ore is irregu- 
larly mixed with red and grey bituminous limestone, red and 
greenish shale conglomerate and other rocks blotched with calc- 
spar. It is in lenticular layers and also intimately mixed with 
the limestone, being probably of the same nature and origin as 
the hematite and forming at times a cement for the pebbles of the 
conglomerate * * * The mines were first worked in 1880. 
In 1881 about 70 tons, and in the following year 59 tons of ex- 
cellent ore were shipped to the United States, * * * An 
analysis of a sample from the Morrison mine afforded Mr. Adams 
Jn.84 per cent, of manganese dioxide, only .12 per cent, of fer- 
ric oxide and 2.91 per cent, of insoluble residue." 
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Many other deposits, both of crystalline ores and wad, are 
known to exist throughout the island. One of these on Boular- 
derie island is said to be quite extensive, and the character of the 
ore may he judged from the following assays: 

Manganese per xide 
Iron sesquioxide 
iDBoluble matter 
Water 33.52 

1 and II by G. ^3. Hoifmann, Chemist Geological Survey. Ill by E. 
Gilpin, Jr., Trans. Royal Society of Canada, Vol. ii, sec. iv. 

Ontario and Quebec. — Outside of Nova Scotia and New Bruns- 
wick but little manganese is known to occur, and where noted is 
usually of low grade. In Quebec several small deposits of wad 
have been noted, the largest, perhaps, being that in Stanshead 
township, where on lot nine, range ten, the ore covers an area of 
about twenty acres, and has a thickness of about twelve inches. 
That this deposit has but slight commercial value is evidenced by 
the fact that the washed ore contains only 37% of peroxide. 
Another deposit, similar to the above, occurs on lot twenty, range 
twelve of Bolton, the ore there assaying 26%. Many similar 
deposits might be mentioned, though probably none as important 
as those noticed above. 

Manganese has also been noted as occurring on the Magdalen 
islands, a small group in the gulf of St. Lawrence. Of these 
<leposits Mr. Jas. Richardson in the report of the Geological Sur- 
"vey 1879-80, writes: "Immediately under Demoiselle hill, on 
Amherst island, numerous blocks charged with peroxide of man- 
ganese, or pyrolusite, occur among the debris of the fallen cliffs. 
They are in pieces varying from one pound to ten or fifteen 
pounds in weight. There can be little doubt that they are de- 
rived from a deposit more or less regular in the hill side, but 
which is now completely concealed by the fallen debris. At a 
place bearing nearly due west from Cap aux Meules, at a distance 
of about a mile, and close to the English Mission church, similar 
pieces to those above described are very frequently picked up.'' 
Assays of this ore, in the same volume, gave: 

Manganese dioxide 45.61 per cent. 

Water, hygroscopic 0.10 ** 

In Ontario manganese has been reported from Batchewaherung 
bay, lake Superior. The ore is manganite and is said to assay as 
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high as 60% of peroxide; of the extent and exact situation of 
the deposit it is not possible to write. 

An interesting discovery of a manganiferous spothic iron ore 
is reported by Dr. R. Bell in the report of the Geological Sur- 
vey 1877-78, wherein he states that a band of about twenty feet 
of the ore, carrying 25% metallic iron and 24% carbonate of 
manganese, occurs in the Nastapoka islands, a group off the east 
^joast of Hudson bay. The ore is easilj' accessible and will no 
doubt eventually prove of value, the high percentage of man- 
ganese contained making it eminently suitable for the manufacture 
of speigeleisen. 



KEOKUK GROUP OF THE MISSISSIPPI VALLEY. 

CHARLEfi S. Beaculer, CrawfordHvUle, Indiana. 

Literature. 

The name Archimedes limetstone was given by David Dale Owen, 1852, 
Geological Survej' Wisconsin, Iowa and Minnesota, to the forty feet of 
the heavy bedded, quarry, encrinital limestone, quarried in the bluff at 
Keokuk, Iowa. This bed in his table of the sub Carboniferous rocks of 
the Mississippi valley is placed as the uppermost member of the lower 
sub-Carboniferous; he terms the preceding rocks the Cherty limestone. 
The Archimedes limestone bed is succeeded by the lowest two members 
of the upper sub-Carboniferous which he named {a' ) Ofodife aus Bed, 
and {b) Magtieiian limestone. From the great number of fossil shells 
found in the lower part of the Archimedes limestone he uses a special 
name, that of Shell Beds, to distinguish it. 

These four beds form what has developed into the Keokuk group of 
the sub-Carboniferous period. 

rnner sub-Carboniferous ^^'^ Magnesian limestone. 
(Keokuk) , ^ PP^r suo Larboniierous (a) Geodiferous Bed. 

I 

^^^^^' i (f) Archimedes limestone. 

Owen. | Lower sub-Carboniferous (e) Shell beds. 

I (d) Cherty limestone. 

S. C. Swallow^, 1855, First and Second Annual Reports of the Geologi- 
cal Survey of Missouri, applies Owen's name Archimedes limestone to 
all the rocks from the summit of the Encrinital series to the base of the 
Saint Louis series; from the description on page 183 it seems that the 
Cherty bed was regarded as the summit of the Encrinital limestone series. 
No other divisions were made. 

Saint Louis limestone. 
(Keokuk) [ 

1855. -{ Archimedes limestone. 

Swallow. [ 

Encrinital limestone j ^^^''^^ ^^- 
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James Hall, 1858, Geological Surrey Iowa, yolume i, in arrangiog ther 

8ub-Carboniferou8 rocics of Iowa, places the Cherty and Archimedes 

limestone as two distinct beds under the division Keokuk limestone, which 

term he uses instead of Owen^s name Archimedes limestone, dropping 

the term Shell beds; the Geode bed is made a transition bed, and the 

Magnesian limestone is termed the Warsaw limetdone and placed under 

that division. 

Warsaw limestone. 
Geode Bed. 
(Keolcuk) 

1858. Keokuk limestone. 

Uall. Cherty limestone. 

A. H. Worthen, 1866, Geological Survey of Illinois, volume r, unites the 
whole section of Owen and Uall under the name Keokuk Group, with 
the exception of the Magnesian or Warsaw limestone, which he seems to 
consider as a division of the Saint Louis, as seen by his referring the 
equivalents of the Iowa Magnesian limestone, in Indiana at Blooming- 
ton and Spurgeon Hill to the St. Louis group. 

Warsaw Limestone. 

Keokuk Group. i Geode bed. 
Worthen. < Keokuk limestone proper. 

1866. [Cherty limestone. 

Charles A. White, 1870, Geological Report of Iowa, volume i, uses 
Hairs names and divisions. 

Synonym — Silicious Group. 
James M. Safford, 1869, Geology of Tennessee, proposes the name 
Silicious Group for rocks of the age of the "Highlands" of Middle Ten- 
nessee, and refers the 

Upper Silicious to the Warsnic und St. Lou in. 
Loiter Silicious to the Keokuk. 

(lEOLOGY. 

The rocks of the Keokuk group occur in broad belts on l)oth 
the eastern and western borders of the great Illinois coal field; in 
Indiana and Kentucky on the eastern border, extending into 
Tennessee and Alabama, and in Illinois and Iowa on the western 
border extending into Missouri. 

On the western border in Illinois and Iowa, where typical lo- 
calities are found, the rocks are exclusively of a calcareous char- 
acter attaining a maximum thickness of at least two hundred 
feet; in Missouri tlie uppermost member of the group, the Mag- 
nesian limestone, forms the principal representative and has un- 
dergone great local disturlmnces in the central part of the state. 
On the eastern border in Indiana and Kentucky the rocks occur 
as alternating beds of argillaceous sandstone, limestone and shale, 
thinning out toward the east and pass downwards into the Knob- 
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stone,* attaining in Montgomery county, Indiana, a. maximum 
tliickness of about three hundred and fifty feet. In eastern Ken- 
tucky the rocks occur in the tops of the knobs resting upon the 
knobstone, in western part of state they thicken up reaching their 
maximum thickness in Hardin and southern part of Barren 
counties. Tennessee and Alabama the rocks assume a silicious 
character and are known as the Silicious group, attaining a max- 
imum thickness of not less than five hundred feet. 

a. The Cherty ]ie<1, 
succeeds the Upper Burlington limestone and appears on the 
Iowa side at the '^Cascade" south of the city of Burlington, 
where the extensive quarrying has developed a great number of 
fine transition forms of crinoids, from which the bed receives the 
name of tranxition bed by paleontologists; the bed consists of 
thin alternating layers of chert and encrinital limestone, and 
sometimes an intermixture of both. These beds next appear in 
the river bed above Keokuk forming the **rapids of the Missis- 
sippi river" where they attain a thickness of sixty to seventy feet. 
In Illinois this bed is seen along Hyde's creek three miles to 
Warsaw, thence to Nauvoo forming the lower part of the blufl^s 
at Sagetown. In Indiana the only equivalent of the bed is found 
in eastern part of Montgomery county at New Ross where it loses 
its cherty character, the following section was observed: 

Soil 10 to 20 feet 

Argillaceous sandstone 8 " 

('riooidal limestone 3 to 9 " 

Blue argillaceous limestone 2 to 4 ** 

Blue shale 10 to - " 

In eastern Kentucky, geologists generally apply the name 
* -Keokuk" to the shales and overlying knobstone, which rest upon 
the Genesee shales and hold that the knobstone (Waverly) and 
Burlington groups are absent. At ''Button Mole knob" in Bul- 
litt county as well as in the knobs at the edge of the city of 
Lebanon. Marion county, the knobstone, which Owen pointed out 
so plainly in Indiana, is well developed, with the equivalent of 
the Iowa cherty bed with its characteristic brachiopods, resting 
on top. 

♦Ohio and Kentucky authors use ihe Ohio term Waverly; according to 
the Uw of oriority the name '^Knobstone*' has precedence as it was ap- 
plied by Owen in 1838 in his report of the Geological reconnasslance of 
Indiana made to the Legislature during that year. 
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Cherty bed of the Keokuk Limestone. 

Knobstone of Ind.^ / ir„«i.«*^«« 

Waverly of Ohio \ Grev Ih^^^^^ 

Chouteau of Mo. J < ^^^^ snaies. 

Devonian Genesee shale. 

Section of Knobs of Rullitt, Marion, and Boyle counties. 

Kentucky. 

b. The Keokuk Limestone, 
or Lower Archimedes limestone proper of Owen, is l)e8t exposed 
at Keokuk, overlying the cherty beds forming the rapids, and at- 
tains a thickness of forty feet. This bed gradually thins out 
toward the north and at its edges consists of alternations of argil- 
laceous and arenaceous beds with subordinate beds of encrinital 
limestone. This character is seen to the extreme in the neigh- 
borhood of Mount Pleasant, Iowa, and at a less degree at Ap- 
panoose, Illinois. In Missouri the bed is exposed at Hannibal 
and at Boonville, cliffs of this limestone with its overlying equiv- 
alent of Magnesian division can be traced from the mouth of 
Riviere la Mine to below the town, forming a series of wave-like 
anticlmal axes. The following section was observed: 

Chert in irregular beds interstratifled with beds of shaly limestone 
and calcareous clay, equivalent of the Magnesian limestone of Owen 
and the Warsaw of Hall — 3 to 6 feet. 

Hard blue limestone, containing Producius magnu$y F, semi-retimhUm^ 
p. punctfttus and Archimedes owemtnu. The Keokuk or Lower Archi- 
medes limestone proper— 30 feet. 

In Illinois this division of the Keokuk forms the heavy quarry 
rock at Hamilton, Nauvoo, Niota and Quincy. In Indiana the 
only equivalent is found on south branch of Walnut Fork in 
Montgomery county, the following is a section of the rocks: 

Soil 10 to 20 feet 

Blue shale — containing small pockets of crinoids o '* 

Heavy quarry Lmestone, containing characteris- 
tic fossils — seen in the b'ttom of the creek. . .2 to — ** 

In Kentucky the writer has been unable to distinguish this^ 
division at any outcrops visited. 

C. Thr Grodv Bed. 

This may be found resting upon the Keokuk limestone proper 
at Keokuk, consisting of a bed of fort}' feet of calcareous shale 
or marl, containing numerous geodes of quartz and chalcedony 
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ranging from the size of a walnut to two feet in diameter, and 
cavities are usually filled with zinc blende, calcareous spar, etc. 
Tn Illinois the rocks have l)een recognized at Warsaw above the 
steamboat landing, on the branches of Otter creek, at Whitehall, 
Greene county, and on Little Sandy, Scott county. 

The great number of geodes lithologically characterizes this 
bed everywhere, in southern Indiana near Bono, Lawrence county, 
at Canton, Washington county, as well as in the top of the hills 
in Brown count}', this bed may be seen, and the geodes line the 
sides of the roads. The rocks along Indian creek in southern 
part of Montgomery' county are the exact equivalent of the Can- 
ton beds as they contain the same fossils but no geodes. 

The writer has also been unable to distinguish this bed in Ken- 
tuck v. 

d. The Magnesian, 
or Second Archimedes limestone of Owen and the Warsaw of Hall, 
succeeds the **GeodeBed;" and to this succeed beds of shaly lime- 
stone, with partings of shale or marl rapidly disintegrating upon 
exposure; thickness forty feet. The section is seen above and 
below Keokuk, Iowa, but much better developed on the opposite 
side at Warsaw, Illinois. Tracing the formation north it appears 
at Mount Pleasant. 

In Missouri the rocks of this age are seen resting upon the 
Keokuk limestone proper at Boonvillc. In Indiana it occurs at 
Bloomington and Spurgeon Hill, as well as on Clear creek, Mon- 
roe county. In Kentucky it outcrops south of Glasgow and at 
Oil City, Barren county. 

On the relation of the Cr.\wfordsville, Indiana beds 

with the typical locality*. 

The Keokuk rocks form the surface of the whole of Mont- 
gomery county, with the exception of a narrow strip of later rocks 
extending into the western part, and are deeply covered with 
drift so that the only exposures are along the water- courses. 
The lamination is regular and generally thin, and the general dip 
is toward the southwest. 

The rocks seem to have been deposited and elevated at irregu- 
lar intervals, giving the same section, but a remarkable difference 

^Extract read before the Indiana Academy of ScieDce, December 30^ 
1891. 
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in crinoidal life. Tlie rocks cannot be divided into the three 
divisions lithologically as at the t^'pical locality, and the only 
way the horizon of the different localities can be determined is by 
the comparison of the species of crinoids and their exact position 
in the strata, with species at the typical locality or with other 
localities whose horizon has been referred to the typical localit}' 
with absolute certainty. 

The rocks of the ditferent horizons in the county always occur 
in the following order: 

d Argillaceous sandstone, 
c Blue shale, 
b EDcrinital limestone. 
a Blue shale 

The lowest or Cherty bed outcrops on Raccoon creek two miles 
southwest of New Roso, where the upper limestone (see section 
given under a. Cherty Beds) disintegrates in places, weathering 
out many crinoid remains, the types being characteristic of the 
Lower Keokuk; several specimens of Alloprosd'Ocruius, which is 
characteristic of the Upper Keokuk, have been found at this 
locality as well as other localities that are e<iuivalents of the 
lower beds. Bearing in mind that the rocks of this group in this 
county were deposited and elevated at irregular intervals, the 
next series of rocks in ascending order outcrops on the south 
branch of Walnut Fork four miles east of Craw fordsvi lie, (see 
section under b Keokuk limestone). 

The limestone resembles very much that at Keokuk, Iowa; it is 
composed of enormous crinoid stems attaining a diameter of one 
inch and a length of several feet, associated with large specimens 
of ArcJu'nwffrs uwenana Hall, Produrtus magniis M. & W. P. 
puiictutKs Sovverby, Platyceras eqnilntfn'n Hall, P. infaudihiilum 
M. & W. 

In the shale was found a small nest of crinoids containing a 
large Doiyvrinns gouhli Hall, and a very large Parycriuus proba- 
bly a new species. 

Again in ascending order the next series of rocks are those out- 
cropping on Indian creek about four miles above the mouth, 
where is exposed in the bottom of the stream blue shale, under- 
laid by encrinitiil limestone; the shale containing large nests of 
crinoids, several species l)eing identical with those found at Can- 
ton, hid., which is regarded as the Geode Bed. Actinocrtnus 
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lowtfi Hall, one of the most common species at Indian creek is 
found in numbers geodized at Canton. Several species have 
been found at Indian creek that are identical with those of Bono, 
Laurence Co., Ind., which also is equivalent of the Geode Bed. 

Tracing the Indian creek layers northwest seven miles they are 
found outcropping in the northeast part of Park county on Sugar 
creek where, together with the higher members of the sub-Car- 
boniferous, they are dovetailed into the Coal Measures. 

From the above facts we may consider the Indian creek locality 
as equivalent to the **Geode Bed." Having established the hori- 
zon of the above localities which until 1889 were unknown as 
prolific crinoid localities, the most difficult question remains to 
be decided, i. c. the determination of the * ^Crawfordsville beds;" 
these beds heretofore have been regarded as Lower Keokuk as 
some of the crinoids resemble Burlington forms. 

In excavating at these beds in 1888 this fact was observed that 
the prevailing types of crinoids found ranging from the level of 
Sugar creek upward ten feet were the genera Cyathocrinus^ Polerio- 
crinus and Barycrimis] while above these occur the genera Ony- 
chocrinus, Forbes iocrinug, Gilhertsocrinvs and Platycrinus; in 
Washington county these latter genera of crinoids are found over- 
lying the *»Geode Bed" and are identical with those from upper 
layers at the *»Crawfordsville beds." 

One mile l>elow the Crawfordsville beds may be seen a heavy 
layer of limestone containing large geodes about the size of a 
:tiian's head, and overlying is the equivalent of the * ^Crawfords- 
Arille beds," but diminished to a thickness of only a few feet. 
-At Scott's Eagle Mills, in the northeast part of Park county, the 
^Vrriter has lately traced the Crawfordsville beds as overlying the 
Xndian Creek beds. PoteAocrinus reaches its climax in size in 
t*he Crawfordsville beds, while the species of Barycrinus resem- 
ble very closely, if not identical with, the large species found on 
^\''alnut Fork. 

AUoprosallocrtnus, an upper Keokuk species is also found at 
t.hese beds. 

It will be seen by close study of the rocks on Sugar creek that 
the "Crawfordsville beds" occupy a position between the ''Geode 
Bed" and the Magnesian limestone. 

Paleontology. 
In the study of the life fauna, especially the crinoidea, of the 
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Keokuk group, it is readily observed that this series of rocks 
forms the culminating period of a great crinoidal epoch ; that its 
most ponderous forms occur at its summit, and its base contains 
the transition forms between this and the Burlington group; 
there exists a gradual development from the base to the sum- 
mit. 

In 1878 in a paper on * ^Transition forms in Crinoids," Proceed- 
ings Academy of Natural Sciences of Philadelphia, Messrs. 
Charles Wachsmuth and Frank Springer proposed the name of 
Crinoidal limestone for the Keokuk, and the Upper and Lower 
Burlington limestones, and clearly proved that these three lime- 
stones represent three successive grades of development; Froosts* 
genus Agaricocrinus appears in the Lower Burlington with two 
arms to each ray, attains its maximum in the Upper Burlington, 
and becomes extinct at the close of the Keokuk, when it reaches 
its extravagance of form, and has been found with four arms to 
all the rays. Roemer's genus Dorycrinus appears in the Lower 
Burlington with a single spine on the apex qf the vault, species 
small, and disappears in the closing of the Keokuk with its ex- 
traordinary feature of spines on spines, as represented by Dory- 
crinus gouldL 



NEW LAMELLIBRANCHIATA. 

Plate VIL 

By E. O. Ulrich, Newport, Ky. 

No. 4. Descriptions of one new genus and eight new 

SPECIES. 

The greater part of the new forms that have been determined 
during the progress of my work on the Lower Silurian Lamelli- 
branchiata of the northwest for volume in of the final reports of 
the Geological and Natural History Survey of Minnesota, now 
going through the press, were recently published in the Nine- 
teenth Annual Report of that survey. In the last few months 
much new material has come into my hands, among it several 
species entirely new to me, and others that were too illy repre- 
sented in the original lot for description. In the present paper, 
and in another to follow, the more interesting of these additional 
new species are described, while the treatment of a few other 
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forms, whose distinctness is not yet fully established, will be 
postponed till the appearance of the final volume. 

Cleionychia, n. gen. 
(Clexo^ I close, onyx^ a claw.) 

Shell equi valve, subalate posteriorly; beaks terminal, more or 
less prominent, slightly incurved. Cardinal line straight, rather 
long, usually forming an angle of less than 90° with the anterior 
side. Ventral and posterior margins more or less rounded. 
Sul-face marked concentrically only, and sloping very gently to 
the posterior and hinge margins, and proportionately very rapidly 
on the anterior side. The latter, especially in casts of the in- 
terior, flattened or even concave. No byssal opening, the mar- 
gins closing tightly all around. Muscular impression situated in 
the postero-cardinal third, large, bilol)ed, the lower lobe much 
larger than the upper. Pallial line entire, extending from the 
muscular scar to the cavity of the beak. Hinge plate edentulous, 
excavated longitudinally for a linear ligament, with the inner 
edge thickened and bifurcate at the posterior extremity. A small 
pit just beneath the beak. Upper part of anterior edge of shell 
thickened. 

Type: Amhonychia lamellosa Hall. 

This genus will include beside the type and the species next 
described, Amhonychia erecta and A. attennata Hall, from the 
Trenton of Wisconsin, A, mytiliouhs Hall, from the Chazy of 
New York, Pterinea undata Emmons, and Amhonychia amyg- 
dalina Hall, from the Trenton of that state. Further, it is highly 
probable that A, nitida and sujferha, described by Billings from 
Anticosti, and one or two concentrically marked Upper Silurian 
species referred by LiudstrOm to Amhonychia^ also should be 
placed under Cleionychia. 

As now understood the new genus is distinguished from Am- 
honychia (1) by the absence of radiating plications or striae, (2) 
the absence of a byssal opening in the anterior end, (3) the less 
central position of the muscular scars, and (4) by the absence of 
distinct hinge teeth. 

Cleionychia rhomboidea, n. sp. 
Plate vn, Figs. 1 and 2. 
Shell, as seen in casts of the interior, of medium size, very 
oblique, rhomboidal in outline, the anterior and posterior and the 
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dorsal and ventral margins subparallel. Dorsal edge nearly 
straight, likewise the posterior, the two lines meeting at an angle 
of about 120°. Postero- ventral angle sharply curved, the 
ventral side gently convex and rounding almost uniformly up 
into the anterior outline. Beaks terminal, small^ projecting, 
slightly above the hinge line, scarcely incurved. Umbonal ridge 
strongly convex, extending toward the postero-ventral extremity 
in a slightly curved direction, so that the slopes on the anterior 
and ventral sides are more abrupt than on the opposite sides. 
Point of greatest convexity a little in front of and above the 
middle. 

Interior with the hinge plate rather wide and strong, and the 
anterior edge, for a short distance beneath the beaks, much 
thickened inwardly. Muscular scars large, situated about mid- 
way in the postero-cardinal half of the shell, the two lobes united 
by a narrow neck, the upper one oval in shape and about one- 
third as large as the more nearly circular lower one. 

The posterior extremity is more produced and more narrowly 
curved than in the other species referred to this genus. 

Formation and locality: Lower limestone of the Trenton 
formation at Minneapolis, Minnesota. A single specimen only. 
This was collected by Mr. J. C. Kassube, and by him donated to 
the museum of the Geological and Natural History Surv^ey of 
Minnesota, where it is now to be found under the Mus. Reg. No. 
5526. 

CyPRICARDITES TERMINALI8, n. sp. 

Plate vri. Fig?. 8-10. 
Shell of medium size, moderately ventricose, extremely oblique, 
with the beaks terminal, rather small, strongly incurved, and pro- 
jecting but little above the hinge line. Umbo full, and the whole 
surface neatly rounded. Outline obliquely acuminate-ovoid, with 
the anterior end narrowly rounded and projecting scarcely, if at 
all, beyond the beaks, from which the margin slopes backward 
with a gentle curve into the base ; posterior end broad, uniformly 
rounded ; cardinal margin straight, about three-fifths as long as 
the diagonal length of the shell, rounding into the posterior mar- 
gin. Surface with faint wrinkles of growth and probably with 
finer concentric lines. Shell substance thin. Hinge plate rather 
narrow, with two long posterior and two or three short cardinal 
teeth in each valve. The latter are difl3cult to se« because of the 
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closely incurved beaks. Anterior mucular impression, as seen in 
casts of the interior, scarcely visible in a side view, being over- 
hung by the side of the umbo. In an end view they appear like 
two narrow vertical lobes tapering upward and placed just be- 
neath the free portion of the beaks. The surface of casts is full 
and rounded. 

If Vanuxemta Billings, is to be retained for species of this 
genus having the beaks subterminal, then not only the present 
but most of the associated species will have to go there. Of the 
latter C. rectirostris Hall, which is exceedingly like F. inconstans 
Billings, is the most abundant and perhaps the nearest to (7. 
terminalis^ still, the two species are widely diflferent, that one 
having a strong and thick shell, on the inner side of which there 
is, as in many other species of the genus, a ridge-like thickening 
that gives rise to the distinct sulcus and flattening of the beaks 
on internal casts. In C, terminalis on the contrary the shell is 
thin and without the internal ridge. The beaks are also more 
incurved than in C, rectirostris. 

Formation and locality: Lower limestone of the Trenton form- 
ation, at Minneapolis and Cannon Falls, Minnesota. Another 
specimen belonging to the Museum of the Geological Survey of 
Minnesota was found by Mr. Chas. Schuchert in the * 'Lower 
Blue beds" near Beloit, Wisconsin. 

Cypricardites oviformis, n. sp. 
Plate vir, Figs. 8 and 4. 
Shell rather above the medium size, moderately convex, the 
outline almost regularly oval, with the posterior end a little the 
widest, and a slight straightening along the cardinal margin. 
Beaks small, situated between one- fourth and one-fifth of the 
length from the anterior extremity; erect, compressed, and not 
incurved in casts of the interior; in the shell projecting very little 
if at all above the hinge line. Umbonal ridge indistinct, with the 
point of greatest convexity a little above and in front of the mid- 
dle. In the casts there is a more or less sharply defined flattened 
strip running from the beaks downward. Hinge plate wide and 
strong, with two strong posterior lateral teeth in each valve, and 
sometimes a third small one above them, in the left valve. An- 
terior teeth consisting of one long tooth placed parallel with the 
margin of the shell in front of the beaks and five or six small 
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unequal teeth running downward from the horizontal tooth. An- 
terior muscular scar distinct, elongate, vertically disposed, situ* 
ated immediately beneath the cardinal teeth. Posterior scar illy 
defined. Shell substance thin except in the anterior and dorsal 
regions. 

The small vertically arranged anterior teeth, and the erect and 
strongly compressed beaks of casts of the interior, are the two 
principal peculiarities of the species. These and other equally 
obvious characters distinguish it from its perhaps nearest con- 
gener, C. ohtmifrons Ulrich. C. glahellus Ulrich, from the 
shales, is wider in front and diflferently outlined posteriorly. 

Formation and locality: Two opposite valves were collected by 
Mr. Chas. Schuchert, at Janesville, Wisconsin, in the **Lower 
Blue limestone. " These are now in the museum of the Geologi- 
cal and Natural History Survey of Minnesota. 

Mm. Reg. No. 8324. 

CyPRICARI)ITE8(?) M0DE8TU8, U. Sp. 

Plate VII, Figs. 5-7. 

Shell small, oblique, moderately ventricose, obliquely ovate in 
outline, known from casts of the interior only. In these the an- 
terior end is very small, sharply rounded, abruptly depressed be- 
neath the beaks, and almost entirely occupied by a subcircular 
muscular scar. Beaks small, only slightly incurved, appearing 
prominent from the front but not from the back. Umbonal ridge 
scarcely distinguishable, the cardinal slope faintly concave be- 
tween it and another low ridge-like swelling that forms the 
back of the cast. Along the hinge line there is a narrow im- 
pressed area. Shell thin ; hinge-plate narrow ; dentition undeter- 
mined. 

The generic position of this shell is doubtful, I having thus 
far failed in my efforts to make out the dentition of the hinge. 
From the narrowness of the hinge-plate I am satisfied that there 
cannot be more than a single posterior lateral tooth, if any. It 
is possible that the species is a Mathcria with relations to the M. 
rugosa^ recently described by me from a lower horizon in the 
shales, in which the anterior muscular impression is as in the 
present species deeper than usual in that genus. It is clearly, I 
think, not a Modiolnpsis, and until more is learned of its hinge it 
seems best to arrange the species as above. 
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Formation and locality: Lower half cf tlic^ Galena atOshkosh, 
Wisconsin, and several localities in Good&vfe,coanty, Minnesota. 
Collectors, Chas. Schuchert, W. H. Scofleld, ""E). O*. Ulrich. 

Technophorus 8UBACUTUS, n. sp. ' ' • 
PJate VII, Figs. 13 and 14. 

Shell small, rather ventricose, alated posteriorly, the hight.apd 
length respectively as two is to three. Cardinal margin neariy 
straight, anterior end uniformly rounded, ventral edge more gently 
curved, the posterior straight and sloping backward slightly to 
the acuminate extremity of the hinge line. 

In a cast of the interior the small beak is erect, projects prom- 
inently above the hinge line, and is situated about one-third of 
the entire length from the anterior extremity. Just in front of 
the beak there is a strong and deep impression, running almost 
vertically downward. On the anterior side this slit margins a 
rather large muscular scar. Extending backward from the beak 
the cast exhibits another, but in this case very obscure linear de- 
pression. Two curved folds, the posterior one the strongest, ex- 
tend from the postero-ventral angle toward the beaks, becoming 
indistinguishable, however, about midway between the two points. 
Surface markings and hingement unknown. 

Length 11.5 mm., hight 6.8 mm., convexity of one valve about 
2.2 mm. 

This species is intermediate between T. faheri S. A. Miller, the 
type of the genus and T. extenuatus, recently described by the 
author from the lower part of the Trenton shales of Minnesota. 
In the first the posterior end is shorter and produced below instead 
of above, in the second the shape is quite different and the pos- 
terior end more drawn out. A nearer congener than either of 
these, but one that is as yet undescribed, occurs at Cincinnati, Ohio. 

Formation and locality. Upper part of the limestone of the 
Trenton formation at Minneapolis, Minn. 

Museum Geol. Nat. Hist. Sur. Minn.; Reg. No. 8338. 

Technophorus filistriatus, n. sp. 
Plate vir, Figs. 11 and 12. 
Shell small, though large for the genus, compressed, with the 
greatest convexity in the anterior half, scarcely alate posteriorly, 
the hight and length as three is to five. Beaks small, projecting 
very little, slightly incurved, one-third of the entire length of 
shell from the anterior extremity. Anterior end much the widest, 
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broadly and uniformty, rounded except above where the curve 
turns rather sharp^y.i^fblthe hinge line. Ventral margin rounded 
in front, straigtitT^^ttcf sloping upward in the posterior half to the 
acute extrejiitjr. Posterior margin short, straight, sloping for- 
ward. / &ai^inal margin straight except for a slight prominence 
in the region of the beaks. Anterior half of surface marked with 
^•••cios.aly arranged, thread-like, concentric lines. These seem to be 
.•'•/•.wanting in the posterior half, only a few obscure growth lines be- 
,^ • * ing visible here. Posterior ridge sharp and strong, very gently 
curved in its course from the beak to the produced lower angle of 
the posterior extremity of the shell. Between this ridge and a 
line drawn vertically across the shell from the beaks the surface 
is depressed, forming a widening shallow sulcus and the straight- 
ening of the ventral margin. Postero-cardinal slope concave, 
narrow, descending rather rapidly. Interior unknown; shell sub- 
stance very thin. 

Length 21 mm., hight 12.5 mm., greatest convexity (of a left 

valve) 2.5 mm. 

Although the internal characters are as yet unknown, the data 

obtained point very strongly toward Miller's Technophorm. Com- 
pared with T, faheri Miller, the posterior end will be found to be 
longer and narrower, while there is only one posterior ridge where 
that species has two. T. extenuafns Ulrich, another species from 
the Trenton shales of Minnesota, agrees closely in all respects ex- 
cept that it has the posterior end greatly produced. 

Formation and locality: In beds regarded as equivalent to the 
**Upper Buff limestone" of the Wisconsin geologists and the 
Black River limestone of New York, six miles south of Cannon 
Falls, Minnesota. This horizon contains an interesting fauna, 
consisting chiefly of Lamellibranchiata, Gastropoda and Cepholo- 
poda. It follows layers filled with bifoliate Bryzoa and is suc- 
ceeded by soft shaly beds in which the predominant fossils are 
Fhi/lloporina cortlcosa^ Prasopora and numerous other Treposto- 
mata, and one of the so-called *03ranching fucoids. " 

Technophorus divaricatus, n. sp. 
Plate VII, Figs. 15 and 16. 
Shell small, moderately convex, elongate, the length a little 
more than twice the hight. Beaks small, incurved, projecting 
but little al)ove the hinge line; situated alK)ut one-third of the en- 
tire length from the anterior extremity. Dorsal margin nearly 
straight, (faintly concave on each side of the beaks) about three- 
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foarths as long as the shell, terminating abruptly where it joins 
the concave posterior edge, with the upper part of which it forms 
an angle little short of 90**. Anterior end a little the widest, 
strongly convex, especially above ; below rounding neatly into the 
at first gently convex, then straight and finally concave basal line. 
Posterior ridge thin but very prominent, curving slightly in its 
course from the beak to the sharply produced postero-basal angle. 
Surface uniformly convex, and marked with fine, thread-like con- 
centric lines in the antero-basal three-fifths, beyond which it first de- 
scends into a sulcus and then ascends sharply into the ridge, drop- 
ping on the other side even more abruptly into the wing-like pos- 
tero-dorsal part of the shell. On each side of the posterior ridge 
there are distinct divaricating lines, twice as strong as the con- 
centric lines on the anterior part of the shell. They join each 
other on the ridge, and, those on the lower side of the latter, the 
concentric lines at angles of about 70°. Finally, there is another 
set of such lines along the dorsal edge, running parallel with the 
set on the lower side of the ridge. Internal characters unknown ; 
shell substance very thin. 

Length 12.5 mm., hight at the beaks 5.8 mm.,hight at posterior 
end of hinge 5.1 mm., greatest thickness of closed valves 4.1 mm. 

Casts of the interior would be distinguished by having the dor- 
sal and ventral margins more nearly parallel than is the case in 
any of the other species referred to the genus. With the shell in 
a good state of preservation the species is distinguished from all 
Silurian lamellibranchs by the peculiar surface ornamentation. 

Formation and locality: Near Cannon Falls, Minnesota, in the 
"Phylloporina bed" of the Trenton shales. 

Tellinomya longa, n. sp. 
Plate vir, Fig8. 17 and 18. 
Shell small, compressed, elongate, elliptical, the length equalling 
a little more than twice the greatest hight. Beaks small, situ- 
ated about one-fourth of the entire length from the anterior ex- 
tremity. Cardinal line, on the whole, very slightly convex, 
straight behind the beaks; anterior end short, semi-circular; 
ventral margin gently convex ; posterior end a little narrower than 
the anterior, and more sharply rounded. Surface with obscure 
concentric lines; sloping rapidly at the cardinal margin but 
very gently to the ends and ventral edge. Hinge plate of mod- 
erate strength, bent a little beneath the beak, and with a thicken- 
ing on the lower side in front of same. Posterior to the beak the 
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plate is long, straight, and bears twenty or more small teeth, 
while on the anterior part only nine are to be counted. In the 
vicinity of the beak the teeth, especially those on the posterior 
side, are very small. Anterior muscular impression deep, sit- 
uated immediately beneath the end of the hinge. Its posterior 
side is defined by a strong vertical thickening of the shell. Pos- 
terior scar distinct, but less sharply impressed than the anterior, 
situated at the end of the hinge just within the thin postero- 
cardinal border of the shell. 

Judging from the interior this shell, though more elongate, 
evidently belongs to the section of the genus of which T, ventri' 
cosa Hall, T. angel a Billings, T. contractu Salter, and T, planodor- 
sata Ulrich, are typical members. In all of these the muscular 
scars^ are deep and large, excavating the shell under the ends of 
the hinge plate so that they are exceptionally prominent in casts 
of the interior. 

Formation and loadity: In shaly strata, equivalent to the 
Black River limestone, at a point about eight miles south of Can- 
non Falls, Minnesota. 

EXPLANATION OP PLATE VII. 

Figs. 1 and 2, Cleiontchia rhomboidba, n. sp. 
Lateral and anterior views of a right valve. 

Figs. 3 and 4, Cyprk ardites oviformis, n. sp. 
Anterior and lateral views of a cast of the interior of a left valve, the 
posterior outline restored. 

Figs. 5-7, Cypricardites (?) modestcs, n. sp. 
5. Left side of a cast of the interior, X 3. 
6 and 7. Left side and anterior views of same, natural size. 

Figs. 8 10, Cypricardites termiiyalis, n. sp. 

8. A left valve from the limestone at Minaeapolis, natural size. No. 
5,100 of the Mus. Keg. of the Geol. and Xat. Hist. Surv. of Minnesota. 

9. A right valve from a similar position at Cannon Falls, Minnesota. 

10. Anterior view of these two valves. 

Figs. 11 and 12, Techxophorus filistriatds, n. sp. 
A left valve, natural size, and the antero-basal portion, X 8, to show 
concentric lines. 

Figs. 13 and 14, Tecuxophorus subacutts, n. sp. 

13. Cast of a left valve, natural size. 

14. The same, nearly X 2.5, with the impression of the hinge and in- 
ternal ridge. 

Figs. 15 and 16, Tec hnopii onus divaricatds, n, sp. 
A left valve of the natural size and X 3. 

Fics. 17 and 18, Tellixomta lokoa, n. sp. 
Interior views, of the natural size and X 3, of a right valve. 
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THE GEOLOGIC EVOLUTION OF THE NON- 
MOUNTAINOUS TOPOGRAPHY OF THE TEXAS 
REGION. AN INTRODUCTION TO THE 
STUDY OF THE GREAT PLAINS.* 

By RoBT. T. Hill, Aastin, Texas. 

East of the Pecos river the topography of Texas is a vast 
series of plains and drainage valleys eroded into plains. It is 
characterized by a sub- horizontal structure of diverse terranes, 
the most extensive of which are of Neozoic, post Paleozoic age. 

Approached from the northwest the **Staked plains" are a con- 
tinuation of the Great Plains of central United States, which 
separate the Rocky mountain front from the Mississippi valley, 
and are composed of Miocene strata. In the eastern border of the 
state the plains are a continuation of the great coastal plain of 
the Atlantic and gulf region. Each has its own topography, 
flora, fauna, and cultural conditions and, in general, a substruc- 
ture of horizontal strata void of mountain folds and corrugations. 

In the south of the state the great plains of Colorado meet and 
show their relation to the coastal plain of the Atlantic. 

Across the centre of Texas from the Rocky mountains at Las 
Vegas, New Mexico, to the coast at Galveston, a profile and sec- 
tion can be constructed which will reveal in detail the history of 
deposition and degradation of the region, including two great 
periods of eruptive activity. 

Portions of this section show for long distances a monotonous 
uniformity, but in the fifty miles on either side of the capital is 
revealed a comprehensive view of all the formations from the 
alleged Archaean and Algonkian to the present time. 

The only formations immediately bearing upon the origin of 
the plains — both coastal and great — are of Neozoic origin, which, 
as a rule, may be considered the product of alternate subsidence 
and elevation accompanied by the invasion and recedence of the 
gulf of Mexico. 

During these time-intervals the processes of land degradation 
and coastal sedimentation together with changes of climate varied 
so as to produce the specific diflferences now existing in com- 
position of formations, residual soils, consequent drainage growth 
and resultant topography. Before giving the details of these 
processes of Neozoic time it may be proper to review our limited 
knowledge of the topographic features which existed at the close 

*Thi8 article is a continuation of my chapters on the Geography and 
Topography of the Texan Region, published in this magazine. 
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of Paleozoic time ; a period during which our continental outlines 
underwent their most radical changes and, for this region at least, 
the evolution of modern topography began. The eastern half or 
Appalachian outline of the continent was approximately defined 
east of the 97th meridian. Another but as yet obscurely de- 
fined land or islands existed in the region of the western Cor- 
dilleras (the 'Rocky mountain, Great Basin and Sierra regions). 
Between these main continental areas was the region which has 
since been evolved into the Great Plains, and is supposed to have 
been a vast enclosed basin extending far southward from the 
southwest corner of Appalachia. Through the heart of Texas 
was a long narrow isthmus or peninsula of post-Paleozoic land 
against whose western shore were laid down the vast **Red beds" 
formation of Permian, Triassic, and probably early Jurassic time. 
The rock structure of this strip of land was of Carboniferous and 
earlier age ; it generally dipped westward or in a direction diamet- 
rically opposite to the great series of Neozoic sediments later 
deposited, from early Cretaceous to the present, which from their 
general dip to the gulf may be termed the coastward incline. 

The Paleozoic rocks of central Texas, although continuous in 
extent, are exposed as two distinct areas separated and covered 
by a remnantal mass of Mesozoic rocks, which now occupy the 
divide of the Brazos and Colorado rivers, and once continued en- 
tirely over them. The northern area, so far as exposed, consists 
of Carboniferous-Permian rocks. In the southern or Burnet area 
erosion has cut deeper into them, exposing successively lower 
rocks down to the Algonkian. There has been no permanent 
land area of Archean or Paleozoic rocks in this region since Meso- 
zoic time, for they were completely covered by subsequent sheets 
of deposition, and now occur in a valley of erosion surrounded 
on every side by the horizontal scarps of the Cretaceous, down 
which the drainage flows to the centre of the alleged Archean 
land. Thus are exposed the successive older rocks — Carbonifer- 
ous, Silurian, Upper Cambrian, — and in the lowest drainage valley 
the Algonkian is reached. If this had been a persistent land area 
it would not have been covered by Cretaceous sediments, and the 
drainage would flow outward from it instead of downward into it. 

This north and south strip of Paleozoic rocks, which is now 
becoming exposed across Texas, is an important factor in the 
evolution of the plains topography, for it has been influential in 
partially outlining the present surface features. 
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After the close of the Carboniferous, and continuing through 
the undetermined period of the Red Beds epoch, this Paleozoic 
tongue was a land barrier extending south and east, an undefined 
distance; it drained westward into a great interior basin, now onl}* 
indefinitely known by the extent of the Red Beds sediments 
which are in part derived from it. There is no trace of an east- 
ward flowing drainage, for the eastern projecting edges have been 
planed off by the numerous, subsidences it has since undergone, 
and the sediments of the Red Beds epoch are not present. 

It is evident that this land barrier, which kept the marine waters 
of the gulf from the Great Plains region in Permo-Triassic time, 
was gradually degraded, and the great basin between it and the 
Rocky mountain area filled in, thus preparing the way for the 
free invasion of the Great Plains region by marine waters during 
the subsequent epochs of profound subsidence. 

At the beginning of Lower Cretaceous time, during the Weal- 
dan epoch, as is accurately determined by fossil plants, molluscs 
and vertebrates, a profound subsidence began, during which, the 
narrow strip of land was completely base- leveled, and the marine 
waters of the gulf swept west and north over the entire state of 
Texas to the Cordilleran continent and the first marine invasion 
of at least a portion of the Great Plains occurred. It was during 
this epoch that the calcareous sediments of the Comanche series 
were deposited, which now form the most conspicuous feature 
in the topography and structure of the Texas Mexican region. 
During the deposition of these beds, .the first half of Cretaceous 
time, the oceanic waters covered all of the Texan, West Indian 
and Mexican regions, and the north west corner of South America. 
The shore line was around the southern front of the Colorado 
group of the Rocky mountain nucleus, extending eastward along 
the base of the Ouachita group of southern Indian Territory 
and Arkansas to the end of the Appalachians, around which it 
deflected northward via Washington, coinciding with the known 
limits of the Potomac formations. 

At the close of the Comanche epoch another uplift of the con- 
tinent ensued, the ocean waters receded nearly to their present out- 
line, and the processes of land degradation were again accelerated. 

Once more the loading of the coastal plain began, and the sedi- 
ments of another great formation were laid down. This was the 
Upper Cretaceous formation or the familiar Meek and Haydeu 
section. Subsidence began again while the ocean receded interior- 



108 The American Oeologist. Angust, law 

ward ; the Texan and Great Plains regions, with much of the present 
Rocky mountain region, were covered with 2,000 feet of sediment. 

The remnantal outcrop of this great formation is shown upon 
the maps. Its sediments record the sequence of events as the 
Lower Cretaceous; that is (1) basement littoral beds of sand, (2) 
deeper beds of clay, calcareous in their upper portion, (3) a deepest 
stage of almost pure chalks, (4) beds shallowing towards the top. 

How much of the Comanche series was destroyed by base- 
leveling during this epoch can only be surmised. 

At the close of the Upper Cretaceous the most marked uplift 
of the Rocky mountain region took ^lace, and the ocean's waters 
again receded nearly to their present outline. Again land degra- 
dation and deposition began, resulting in the third loading down 
of the coastal plain, followed by the cycle of deposition and sub- 
sidence of the Eocene epoch. 

During the basal Eocene the central Texan region was covered ; 
how far and to what extent is problematical, but another heavy 
load was added to the coastal plain. 

The great hiatus in the geologic history of the region is of 
Neo-Pliocene time, between the close of the Eocene and the 
beginning of the Appomattox. The present state of ignorance 
allows but little to be said of it. 

It is not known whether at the close of the Eocene there was 
any important event, such as the elevation or subsidence of the 
coastal plain. We have knowledge of only the basement history 
of the marine Eocene. Its upper contacts or gradation have 
never been studied or presented. 

It is known, however, that in Miocene or Pliocene time an- 
other shore line had developed along the Rocky mountain front, 
into which flowed the drainage of the Rocky mountain region, 
and all the vast region between the Rocky mountains and the 
coast was once more laden with sediments, and later these plains 
were elevated into the dry land which they have since remained; 
they present a vast sheet of sediments upon much of which 
drainage channels have not yet been established, but so degraded 
and eroded upon its eastern edge, that their former extent in that 
direction has not been determined. No portion of the geologic 
record is more obscure than that of the conditions of the coastal 
region during this Mio-PIiocene epoch. Whether the Llano 
Estacado formation, which now covers and is co-extensive with 
the Great Plains region, was laid down at marine or lacustral base 
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level is an important question; if at the former there should be 
some record in the coastal formations now remaining; if at the 
latter there should be structural or topographic evidence through 
the central Texan region of a land barrier which separated the 
lacustral from the gulf waters. After careful study the writer has 
so far been unable to find corroborative evidence of the lacustral 
theory while there is abundant evidence of the identity in origin 
of certain coast deposits with those of the Great Plains region. 

With the close of the unstudied Mio-Pliocene epoch history 
again becomes clear, and during late Pliocene, Pleistocene and 
recent times there is a remarkable continuation of alternations of 
loading down and degradation of the coastal plain, and the initia- 
tion and life history of the present topographic forms and drain- 
age system. 

At the close of or during the Llano Estacado or Mio-Pliocene 
epoch occurred an event which has given a peculiar configuration 
to southwestern Texas. Under the weight of the increasing and 
successive accumulations of coastal sediments, a great fault line 
developed extending nearly across the state from Austin to Del 
Rio, the down- throw being to the east. The scarp line thus 
evolved became the shore line for the subsequent Appomattox sea; 
erosion attacked it with increased activity, but, owing to condi- 
tions of aridity, with relatively small effect. 

During the Appomattox epoch, which is located by its dis- 
coverer, Mr. McGee, in late Pliocene, the long degraded land of 
earlier Miocene and Pliocene again subsided ; but the shore line 
as delineated on the map extendi across only one-third of the 
state, passing via Texarkana, Austin and San Antonio, west of 
Eagle Pass to the Rio Grande. 

Before this epoch two river systems had been developed, and they 
remained distinct features of the landscape. The older system 
included those streams which at the culmination of the Mio- 
Plioce'ne subsidence were mountain streams del)ouching near the 
present Rocky mountain front, and which under apparently very arid 
conditions extended their mouths seaward with the receding watere, 
across the Great Plains region; the Canadian and Pecos rivers 
are examples of this system. The system, second in age, included 
those rivers originating in the uninterpreted interval between the 
close of the Great Plains eix>ch and the beginning of the Appo- 
mattox — the Colorado, Brazos, and Red belong here. 
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During the culmination of the Appomattox a third and distinct 
system of drainage was evolved along the then low lying coastal 
plain, adjacent to and interior of its shore line. This group of 
rivers is easily traced upon the maps and includes the San Gabriel, 
Lampassas, Leon, the Bosques, Paluxies and Trinities. They 
are short streams not exceeding 100 miles in length, and drain 
the ancient structural or dip plain of the Grand Prairie, or Lower 
Cretaceous region. Their profile in relation to the plains which 
they drained are as shown upon the diagram, and they are rela- 
tively 500 feet higher at their heads than the adjacent and more 
deeply cut drainage of the first and second systems. The de- 
bouchement of these streams during Appomattox time is clearly 
marked upon the map by the great estuarian deposits, as shown 
by the river terraces especially of the Colorado where it emerges 
from the canons of the Grand Prairie (Appomattox land) into the 
Black Prairie (Columbian coastal plain). The sea receded and 
the submerged plain of Appomattox became dry land. The sea 
shore reached about one- half the distance between the present 
coast line and the ancient Appomattox shore. This was the 
Columbian epoch of Pleistocene time. Upon the new land, the 
present coast prairies, still a fourth system of coastal drainage, 
was initiated almost similar in extent and aspect to that of 
Appomattox time. The rivers of the third or Appomattox sys- 
tem were extended to the Columbian shore, while those of the 
second or Colorado, Brazos, pre -Appomattox type became long 
estuaries back to the Appomattox shore line ; at the close of that 
period change in the direction of slope caused them to form a 
line of junction with some adjacent stream, either with one of 
the older streams or with one another. These streams were ac- 
celerated by the elevation at the close of the Appomattox and 
Colorado, and have since cut deeper but proportionately less 
channels than the more voluminous streams of the older systems. 

Few of these streams have crossed by headwater erosion the 
great western scarp of the Grand Prairie ; at present this portion 
of their development seems retarded for where they have crossed 
the western scarp line it has been by capture — by the laterals of 
the older streams. 

The Columbian deposition plain, the present coastal prairie, in 
turn became dry land by the recedence of the gulf to its approx- 
imate present coast line; upon this recently submerged area was 
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developed the latest and newest drainage system of the region, 
a fringe of small streams flowing directly into the gulf of Mex- 
ico, readily traced in the present Coastal Prairie region. 

At the close of the Columbia there was another upward move- 
ment of the continent. The streams of systems 1, 2, 3 and 4 were 
again accelerated by an increased gradient and the prolongation 
of the coastal ends renewed. 

It may be well to review the present condition of the systems. 

Those of oldest or Miocene origin, for instance the Canadian 
and Pecos, in their youth drained the limited Rocky mountain 
and Plateau region, attained base level near the* present front of 
the Rocky mountains, still receive their greatest drainage from 
the original receiving area and practically flow long distances 
without receiving any of the later developed drainage. In early 
Pliocene time their base level receded eastward with the shore line. 

"With all the oscillations of elevations, invasions, and reced- 
ences of the sea shore, these streams have continued to carry 
their loads of mountain sediments to the sea, until to-day they 
are merely long viaducts receiving most of their supply at their 
heads and draining little of the country through which they 
pass. 

At some yet undetermined time in history the Rio Grande, 
which was a great interior basin stream, cut its way across the 
continued axis of the Rocky mountain system and joined the 
Pecos ; the writer inclines to think this was earlier than the Pleis- 
tocene and. that through the water gap of the Rio Grande the 
great lakes of the basin region had a partial outlet to the sea. 

The rivers of the second system — the Red, Brazos, Colorado — 
have since their origin in the obscure epoch between Miocene and 
Pliocene time been at work upon the coastal plain developed 
at the close of the obscure Staked Plains or Mio- Pliocene epoch; 
their drainage with each succeeding event has degraded larger and 
larger areas. The coastward extension of these streams follow- 
ing the receding shore lines is also shown in the medial portions 
of their courses. In Appomattox time they received none of the 
new lateral drainage which flowed down the slopes coastward and 
parallel to them. With each oscillation Qf base level their work 
has been retarded or accelerated until they have stripped vast 
regions in the active head-water areas and cut far below the level 
of the newer systems through Miocene, Eocene, Upper and 
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Lower Cretaceous floors to the Algonkian or Archean, which the 
Colorado is now eroding. 

During the Appomattox the mouth of the Colorado was at 
Austin ; during Columbia it reached base level at the same place, 
but continued a long estuary, like the Potomac, to the eastern 
coast; in post Columbian times it took a new channel from the 
Columbia to the present shore line; its old course is preserved as 
lakes and bayous; interior of that line it was twice superim- 
posed upon its old channel. 

Let us consider the drainage in relation to its task in denuding 
the land. In general, the divides of the Texas streams are flat- 
topped plateaus representing original deposition or consequent 
degradation plains over which head-water ramifications of the 
streams have not completely extended. In but one portion of one 
system does a state of completion exist, i. e. the condition in 
which the head-waters of opposing streams have reached across 
the plateau and etched away the original deposition level. This 
area is the northern half of the central region, or the area in 
which the Paleozoic and Red Bed rocks are now exposed, to which 
in the author's earliest paper upon Texas, the name Central De- 
nuded region was applied. Since the close of the Miocene Plains 
epoch, when the waters receded from the Rocky mountain front, 
it has remained an unsubmerged border- land, interior of Appo- 
mattox, Columbian, and present shore lines; degradation has 
been constantly at work upon it and erosion has cut through suc- 
cessive sheets of the Plains formation, the remnantal Upper and 
Lower Cretaceous and, in part, the Carboniferous to the alleged 
Archean. 

The Appomattox or Grand Prairie streams are approaching 
completion; and in a few places their head waters have cut through 
the flat-top divides between them ; they are rapidly approaching 
maturity as shown by the butte and mesa t}T)e of divides. 

The streams of the Columbian epoch are adolescent, but have 
done much work in the softer deposits of the Eocene area. 

The streams of the present epoch on the emerged Columbian 
deposition plain are nascent or just beginning their life work. 

Extended portions of the older S3^stems, i. e., those portions 
of the Rio Grande, Pecos, Red, Canadian, Brazos, and Colorado, 
whose mouths extend oceanward with the receding coastal line 
without draining the area through which the}' flow, are still doing 
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their greatest work in their distant sources and merely cutting 
deeper channels in the areas through which they extend. 

Let us return to the part played by the ancient Paleozoic floor 
in this chapter of events. 

Extending across the heart of Texas from north to south as a 
low lying barrier between the gulf and the interior post- Paleozoic 
seas, it was so base leveled and degraded that when the profound 
Cretaceous subsidence began it was buried beneath thousands of 
feet of off-shore sediments, but of a softer, and more easily de- 
graded nature than the firm granitic, hard limestone and quartzite 
beds of the Paleozoic, which especially composed its lower part 
and southern end. ' ^ 

In the great series of loading down the coastal plain coastward, 
of it, and the consequent oscillation of elevation and subsidence 
of the vast plains region, it was natural that this solid core of 
Paleozoic rocks had greater resistance for the accompanying 
strains and stresses, and finally under continued loading the great 
balcones fault developed approximately along the coastal margin, 
leaving sharp projecting land adjacent to the Appomattox sea 
upon which degradation was facilitated ; this has partially re- 
moved its Neozoic covering, and will ultimately degrade it to base 
level. 

The topography of the Texas plains is the product of the etch- 
ing of a series of sedimentation plains of post Eocene age by a 
series of consequent autogenetic drainage systems. The plains 
are the product of the oscillations of the Cordilleran continent, 
whereby the waters of the gulf and accompanying base leveling 
swept back and forth across the Texan region. These oscilla- 
tions began with the overcoming of the central Paleozoic barrier 
at the beginning of the Comanche or Lower Cretaceous epoch, 
attained their maximum in Upper Cretaceous time, as recorded in 
the Dakota base leveling, when the sea extended over much of the 
present Rocky mountain area. In Laramie- Eocene the oscilla- 
tion was almost as profound and far reaching. Following that 
epoch was decreasing intensity; the line of marine base level 
extended less and less inward during the invasions of Miocene, 
Pliocene, and Pleistonic time. 

Dependent upon conditions of deposition the rocks of these 
diflferent periods are of different degrees of consolidation, and 
consequent resistance to denudation. 
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In the Neozoic series, however, there are but three formations 
sufflcientl}' consolidated to produce canoned or scarp topography 
— the iron ore beds of the Eocene, certain white rock beds of the 
Miocene or Llano Estacado, the Fayette beds, and the limestones 
of the Comanche series. 

The first two — the Eocene iron beds of east Texas and the 
Miocene beds of the Staked. Plains — are thin horizontal beds of 
consolidated material underlaid by loose friable beds which rapidly 
disintegrate upon the removal of the cap sheet and produce mesas. 
These mesa products are not greatly developed in East Texas 
because of the newness of the streams, but in the Llano Estacado 
are very marked. 

The great chalky limestone formation of the Comanche series 
has been the chief factor of resistance to sculpture in the Texas 
region, and the effects produced by erosion of its alternations of 
hard and soft beds are both beautiful and instructive. Along 
its eastern margin where it dips beneath thp Upper Cretaceous its 
prevalent forms are dip plains and escarpments of stratification 
extending north and south; man}' streams flow along them in the 
same directions until the}^ cut their way through the escarpment, 
when they again flow eastward to the sea. In the west central 
portion of the state headwater erosion of opposing streams has 
produced numerous buttes and mesas, which are often a hundred 
miles from the mother area of which they were a part. 

While the general coastward direction of the streams is the 
result of the prevalent slope, there are certain influential struc- 
tural features which in the aggregate produce the prevalent topo- 
graphic detail. 

First of these are joints and faults. 

The stratigniphic system of this region is broken by a system 
of complemental joints which have a major axis of west of south 
to east of north or sub-parallel to the coast line. In areas of 
uncon.solidated chalks, sands, and clays, joints have no percepti- 
ble etfect in deflecting streams, but where the material is consoli- 
dated streams adapt their courses to joint lines; this is shown by 
the Brazos in the Carlioniferous rocks of Palo Pinto count}', the 
Colorado in the Lower Cretaceous of Travis, and in other 
instances. 
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In only two cases have great faults developed in the direction 
of these joint planes. One — the great Balcones fault from Austin 
to Del Rio — has a downthrow to the east and at right angles to 
the streams; except a slight deflection of the Colorado west of 
Austin, it has in no way affected the course of the streams. 

The other exceptional fault extending from Marietta, Chicka- 
saw nation to south of Texarkana has its downthrow interior- 
ward, and Red river follows its trough for many miles, and its 
direction is primarily influenced by it. 

The area is too vast to give details of many of the proposi- 
tions I have set forth, or to call attention to several minor topo- 
graphic processes. There are two agencies which cannot be 
passed, however, which play a more important factor in the Texan 
region than elsewhere in the United States, and these are wind 
and aqueous solution. Owing to aridit}' and lack of consolida- 
tion, the crumbling structure is readily transported by wind, dust 
and sand storms being of great frequence. In bluffs and canons, 
composed of alternating structure of consolidated and marly 
la3'ers, the former arc undermined by wind ' erosion. 

Over the vast and intensel}' heated limestone plateaus, solution 
plays a most important part, and there results a remarkable 
weathering of the limestones into miniature mountain ranges, and 
a corresponding deposition of that remarkable calcareous deposit 
known in Mexico as tepetate. 



NOTES ON EARTHQUAKES IN NICARAGUA, 

FEB. 6, 1892. 

J. Crawford, Leon, Nicnrngna. 

At 10 h. 10 m., p. m., 6th February, 1892, occurred an ap- 
parently connected series of about 92 seconds total duration, of 
longitudinally oscillating, progressive, spherical, seismic waves 
['y=:a sin (Ft — nx). . . .] that passed northwestwardly and south- 
eastwardl}' in Nicaragua, parallel with, and along or near to, the 
volcanic masses which extend connectedlv with but a few short 
interruptions, (as across the ba}' of Fonseca and lakes Managua 
and Nicaragua), between the volcanic groups in the states of Sal- 
vador and Costa Rica. 
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The facts obtained, in reference to this earthquake, to date — 
the sailing of the weekly Mail S. ship from the port of Covinto — 
5 o'clock p. m., 9th February, 1892, are: 

Only one series of vibrations has occurred. The epicentnim 
was near the island of Zapatera at the west coast of lake Nicara- 
gua, distant about 14 miles east from the Pacific ocean and about 
28 miles southeast from the cit}' of Granada. 

The focus has not yet been determined, but was more than 
15,500 feet (English) beneath a plane parallel with the sub-areal 
surface of the Pacific ocean. 

The co-seismal lines of emergence of the waves, at the earth's 
surface, were elliptical, but converging at several places toward 
the longitudinal axis of the ellipsoid. 

The maximum of the horizontal element of the oscillations, or 
line of greatest disturbance at the earth's surface was, on the 
northwestern side of the epicentrum, in lake Managua, about 65 
miles distant from the point of first emergence, 30 miles west- 
ward from the city of Managua, and about 36 miles southeast 
from the cit}* of Leon. 

The rate of transit through the earth during flie latter or vi- 
brating part was about 29 miles per minute. 

The greatest vibration, in the city of Le6n, from a line per- 
pendicular to and at an altitude of 60 feet above the surface was 9° 
25' about. 

Several adol)e walls of houses in the cities of Granada, Mana- 
gua, and Leon were slightly cracked, or, these walls (usually 2:J: 
to 3 feet (English) tliick and 14 to IS feet high) were disconnected 
from similar ones connected at right angles, i. e. , those extend- 
ing north and south were slightly disconnected from those ex- 
tending east ami west. 

The city of Managua being nearer the coseismal line of great- 
est force expressed at the surface than the other cities named 
felt this earthquake more severely. In the city of Leon, the 
locality of the longest ordinates of the curvatures, or apex of 
elevation and depression, were easily discovered by finding the 
walls of houses that had been slightly displaced or cracked by 
the wavi's. 

Puriuir llu' tirsl (>(► seconds the oscillations were about one each 
six seconds — cMUsinjj: a sensation as if they had originated from 
the inipacl tit^aiust the hard tloor of some deep seated cavern of 
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large masses of hard strata; there was felt a perceptible increase 
and decitease of the oscillations; then, for about 32 seconds were 
experienced more rapid or vibratory movements of short, high 
waves as if two large masses of rock had (at an interval of about 
15 seconds) suddenly separated from their places and fallen to 
the hard floor of a cavern, from a hight sufficient to cause a 
slight jar, each 90 miles distant, and converting the. energy into 
elastic, longitudinally vibrating, progressive, spherical waves of 
force. 

No place has been discovered where permanent subsidence of 
the earth's surface has resulted. 

This earthquake was not caused by volcanic .forces such as the 
superior energy of high tension gases or aqueous vapors disar- 
ranging earth strata. 

The aqueous vapors arising from the cones of the nearly ex- 
hausted volcanoes on the line of force [Santa Clara, Momotomba, 
and Omatepa] have not increased nor diminished in apparent 
quantity. 

No perceptible change has been observed in the amount or the 
temperature of large springs of water, issuing from fissures, near 
the base of some of the volcanic cones, on the line of force, in 
Nicaragua. 

The primary cause of this class of seismic disturbances in the 
earth's crust in this region can be discussed hereafter when all 
the phenomena refierable to this series have been studied. At 
present two theories — each with some good evidence — are pre- 
sented: First ^ — ^^lotion from the interior friction of ''the bodily 
tides" [Prof. G. Darwin, Philo. Transt. 1871), parts i, ii,] incident 
to the increased length of the siderial day and, probable, conse- 
quent elongation of the earth's polar radius and increased pres- 
sure in equatorial latitudes. Second^ — Contraction from secular 
cooling and the consequent increased tension in the narrow strip 
of land, between the line of volcanic masses in Nicaragua and 
the Pacific ocean, acquiring sufficient force to overcome the co- 
hesion and disconnect large masses of strata and precipitate them 
into adjoining caverns deeph' located beneath the volcanic cones 
and masses of ejecta. This 'sutfieient force" appears to have 
attained its maximum annual fi/, or, at intervals of 10 to 14 
mouths during the past four years, as observed by the writer, in 
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this part of Nicaragua, a short series of earthquakes having oc- 
curred annually. 

There has been a subsidence, occasioning plications or foldings 
of the strata, in western Nicaragua, between the Pacific ocean 
and the line of volcanic cones, (a strip of land 27 to 33 miles 
wide,) whether paroxysmal and expressed in earthquakes or con- 
tinuous — has not yet been determined. This subsidence is now 
in progress, and its phenomena are being studied by the under- 
feigned. J. Crawford. 

Leon^ Nicaragua^ 9th February^ 1892. 

PosTSCRiPTUM. Since mailing on 9lh instant, "Notes on Earthquake 
phenomena in Nicaragua" on 6th instant, I learn, by telegraph, as fol- 
lows, iu reference to the approximate length and width of the ellipsoid 
and the line of greatest disturbance at the earth's surface: 

(a) The seismical force followed the volcanic belt southeastwardly 
into Costa Rica, and more severely south than north of the epicentrum, 
as if accummulatiug disturbing forces as it traversed the sub-terranean 
parts of the group of active and of "^hot" volcanoes in that country 

(b) The line of greatest disturbance curved irregularly in its southern 
course — first soutbwestwardly, between the city of Rivas and the Port of 
San Juan del Sur in Nicaragua, thence southeastwardly near the Pue- 
blo of Philadelphia in northern Costa Rica and along the line of vol- 
canic masses to near the city of San Jos(? (quite severe), thence, (so far as 
I have information to date) southeastwardly into the Caribbean sea. 

(c) The length of the disturbance of this series of seismic waves has 
been traced for over 500 miles and the average width uf their disturb- 
ance about 100 miles. 

(d) Electro-magnetic phenomena, to be described hepeafter, were quite 
prominent. 

(e) The retardation of the waves in— and their greater disturbance of — 
some kinds of strata can be traced at several places, also, have been noted 
a few places where they were reflected from the strata and two or three 
places where, apparently, there was interference of waves and accum- 
ulation therefrom of force. 

(f) The focus was evidently a fissure, extending southeastwardly 
from Is!a Zapatcra in lake Nicaragua, for about 25 leagues into Costa 
Kica. J. Crawford. 

Fibrwiry 14, 18tr2. 
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The Earth and Its Inhabitants. By Elisee Reclds. Vol. ii, Mexico, 
Central America and West Indies. New York, D. Appleton & Co. 
1891. 8vo, 504 pp, 227 illustrations, 40 plates and maps. This is a geo- 
graphical description of Mexico, British Honduras, Central America, 
Panama, Gulf of Mexico and Caribean Sea, Cuba, Jamaica, San Dom- 
ingo and Hayti, Puesto Kuo, Virgin Islands, The Bahamas, Bermudas 
and the Lesser Antilles. A statistical appendix of population and areas 
is also given. For the first time we have collected in a single volume a 
clear and concise statement of the geographic and economic conditions 
of the southern half of North America. The work is a mast rly trea- 
tise from the pen of a scientific authority, and presents more solid in- 
formation concerning the orography, hypsometry, drainage, climate, 
floras, inhabitants, productivity and natural phenomena of the regions 
treated, than has hitherto been obtainable. The chapters on Mexico can 
be recommended as the most important reading to one who has a desire 
to become acquainted with that country. 

^^Bosquejo de una Carta Geoloyica de Ut Repuhlica Afexicamt,''^ compiled 
by a special commission, for the Secretary of Public Works, under the 
direction of professor Antonio del Castillo, Director of the National 
School of Engineers. 

This map is a grand contribution to North American Geology, and a 
credit to the fellow scientists of our sister republic. It is handsou^ely 
printed on heavy plate paper, upon the scale of tc^jm, and is so har- 
monious in color and void of irrelevant detail that its story is told with 
a plainness that is surprising, for here we have spread before our eyes 
the general features of Mexico, which every student of American areal 
geology has long desired to know. Three colors stand out in conspicu- 
ous boldness — ^yellow, green, and red — Quaternary, Cretaceous and 
eruptive, and these are the chief chapters of Mexican Geology— (1) A 
sedimentary floor of basal Cretaceous (Comanche) rocks — the continua- 
tion of our Texan features, but broken into mountain blocks and plat- 
eaux; (2) Great sheets of Quaternary sediments— the basin structure 
of Utah and Arizona, and the whole more or less covered by eruptive 
sheets. The Cretaceous is to Mexico what the Cambro-Silurian is to the 
United States- its fundamental sedimentary rocks, and this map phows 
the youthfulness of that region compared to ours, and the apparent mi- 
gration southward of conditions, t. e., the present basins, active vol- 
canoes of southern Mexico similar to those of late Quaternary tiUie in 
the southwest United States. The utter absence of paleozoic rocks is 
indeed most important food for reflection. 

The critic might find cause for complaint in the absence of hypsome- 
tric data, but we must confess that in our opinion the chief virtue of the 
map is the omission of every possible line that would detract from its 
simplicity. 
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Bertragezur Geologie und Paleontologie der Repuhlik Mexico ; von Dr. 
J. Felix und Dr. H. Lenke, (of Lelpeig). Part i, Leipsig 1890. Part 
III, Stuttgart 1891, 4to, with numerous plates and maps. 

This work is the most important contribution to the geology of Mex- 
ico yet published, and by its excellent character and scientific composi- 
tion immediately assures the reader of the ability and intelligence of 
its authors. Space forbids, however, the enumeration of all the valua- 
ble contents, which shed so much light upon North American geology. 

Part I, after a preface explanatory of the lack of previous knowledge 
of Mexico, and an introductory sketch of its salient features, is devoted 
to the "volcanic chain of central Mexico, including descriptions of 
Tuxtla, Popocatapetl, Ajisco, Nevada de Toluca, Jorulla, the peak of 
Tancitaro, Colima, Orizaba, Cofre de Perote, Malinche, Iztarcihuatl, San 
Andreas Ceboruco and Tepie. It is impossible to enumerate here the 
numerous and important results given, but every line is a much desired 
contribution to knowledge, especially that concerning the glaciers of 
Popocatapetl! 

Part II is devoted to the valley of Mexico, and of itself is one of the 
most important contributions to the late Tertiary Geology of this conti- 
nent. Several pages are devoted to a careful topographic sketch full of 
important data. Chapter 2 describes the remarkable Pleistocene de- 
posits, showing a striking resemblance to the features of our own lake 
Bonneville as described by Gilbert. The earlier discoveries of a 
Pliocene vertebrate fauna by Cope are supplemented by new data. This 
fauna, consisting of Equus, Elephas, Mastodon Glyptodon, Bison, etc., is 
similar to that of the Fayette beds of Texas and the Equus beds of the 
great basin region. 

The eruptive rocks of the valley were studied by Zirkel, and consist 
of amphibole andesites, hypersthene andesites of many kinds, and 
basalts. Finally a full table of altitudes is given. 

Part II contains two papers, the first by Drs. Felix and Lenke on the 
Geology of the State of Paebla, and the second by Dr. Felix on the Fos- 
sils of the Jurassic and Cretaceous formations of Mexico. In the part 
on Puebla the general ideology is shown to consist of Cretaceous and 
Jurassic limestones, and the Pliocene Equus beds. Full notes are given 
on the fossil vertebrates of the latter formation. The Cretaceous is 
shown to consist of an upper horizon of limestones with Hippurltes 
. and Monopleura, which we believe analogous to the Monopleura and 
Caprina beds of the (rlen Kose limestones of the Comanche series in 
Texas, while the lower division is very analogous to the Trinity forma- 
tion of the same region. The remarkable superficial formation known 
in Mexico as tepetate is described— an incrustation of carbonate of lime 
deposited over the vallevs bv the streams from the limestone mountains. 

The secojid part of Part ii contains accurate descriptions and beauti- 
ful plates of the Xeoc'omian and Jurassic fossils of Puebla. If any one 
still doiil)ts the existence of the marine Jura in North America an ex- 
amiuation of these plates should convince him of his error. 
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TJie Geology and Paleontology of the Cretaetovi Depoiits of Mexico, By 
Akgelo Heiij»rin. (Proc. Phi. Acad Nat. 8ci. 1890, extras, 1891.) 

It is unfortunate while so much of value has been recently published 
concerning Mexico, that an American should contribute such a mass of 
error as is contained in this brief paper. Prof. Heilprin from ^ brief 
visit to southern Mexico, concludes that the great Neocomian and Juras- 
sic formations so ably proven by Felix and Lenlie are Upper Cretaceous, 
because they contain a hippurite fauna; as does the Upper Cretaceous 
of Europe. Although not much nearer Texas while in the City of 
Mexico than he was in Philadelphia, he devotes most of this paper to 
stating that assignment of the Comanche Series to the Lower Cre- 
taceous by Prof. Hill is wrong, and that that great formation with its 
Neocomian fossils, its Wealdan reptiles and plants, its 4,000 feet of sedi- 
ments strati graphically below the Dakota sandstone of the Upper Cre- 
taceous, all belongs to the latter formation. We can only refer Prof. 
Heilprin to the rocks, the fossils — plants, vertebrates and mollusca,— the 
writings of Marcou, Roemer, Hill and White, to assure him of the error 
of his conclusions. 

Correlation Papers— Cretac^ov 8. By'^C. A. White. (Bulletin U. S. 
Geological Survey, Washington, 1891.) In this valuable compilation, 
many instructive pages are devoted to northern Mexico, especially con- 
cerning the development of the Comanche and Upper Cretaceous on the 
Rio Grande near Presudo del Norte, where the former rests on the Car- 
boniferous — the only place in Mexico, so far as known, where the Car- 
boniferous floor has been exposed. Interesting data are also given con- 
cerning the occurrence of the Laramie^on the coastal slope near Lam- 
pazos. A valuable bibliography of publications on Mexican paleontol- 
ogy is given, to which we may now add "Preliminary Notes on the Topo- 
graphy and Geology of Northern Mexico," etc. By Robt. T. Hill, 
American Geologist, September, 1891. 

Official Maps of the Repvhlic of Mexico^ published by the Minister de 
Fomento. Thirty beautiful sheets of the Republic of Mexico illustrat- 
ing the distribution of population, altitude, agriculture, soils, geology, 
railroads and mines, printed in a most artistic style, are a revelation to 
us of what our friends beyond the Rio Grande are doing for science. 

In addition to these general maps there are several elegant contour 
maps of limited areas giving the topography of the vicinity of Mexico, 
the volcanic peaks of Popocatapetl and Ixahuapetl. These contour 
maps in artistic appearance are only slightly inferior to those issued by 
the leading surveys of Europe and America. 

Part I, treating the political geography, describes the boundaries of 
the state, and gives an extensive table showing all the cantons, depart- 
ments, municipalities and voting places, together with minute descrip- 
tions of the metes and bounds of the canton. A table is also given 
showing the population for the year 1835, and births and deaths. The 
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total population of this small state was 1,159,341, and the births exceed 
the deaths by 7,257, showing the native civilization to be on the in- 
crease. The catalogue of settlements is quite extensive, and shows the 
existence of one capital (Guadalajara), 17 cities, 30 villages, 188 pueblos, 
70 congregations, 387 haciendas, and 3,847 ranches 

The chapters relating to geography, geology and botany are of chief 
interest however. The grand volcano of Coluna is described together 
with the other majestic pe?iks of this region. The valleys, canons and 
barancas, the basin plains, and every topographic feature are set forth 
clearly. 

The tables of altitude are so comprehensive that a contour map could 
be easily constructed from the data given. 

The third part, relating to geology, is of special interest. An excel- 
lent map is published. The oldest sedimentary rocks found are Cre- 
taceous, while eruptive and other igneous rocks predominate. The Ter- 
tiary history of the basins is of chief interest^ showing as they do that 
most of the so-called Plateau region of Mexico is but the soutbern de- 
velopment of our own great basin region, with all of its wonderful his- 
tory of climatic changes and lacu^tral deposition. 

Part VI is devoted to the flora, especially its relation to altitude. A 
lengthy table gives the scientific and popular names of all the plants, 
their economic uses, and the geological formations which they Inhabit. 
This part alone is one of the most intelligible contributions to plant 
distribution ever published on this continent. 

On the Clinton Iron Ore. C* U. Smyth, Jk. (Am. Jour. Sci., xliii, 
1892, pp. 487-496) Perhaps more illustrative facts, and more arguments 
to show the derivative origin of certain hematites from a change of lime- 
stone, have been drawn from the Clinton ore than from those of any 
other horizon. There seems to have been a widespread acceptance of 
that theory, at least for those ores, and the theory has been applied, per- 
haps without due circumspection to other formations. Pseudomorphous 
replacement of some carbonate, generally a limestone, but sometimes an 
iron carbonate, has been applied widely to explain the iron ores of the 
lake Superior region. More lately original oceanic deposition from 
chemical solution has been put forward for some of the lake Superior 
ores, on the ground that there is not sufficient evidence of the sabstitu- 
tion theory. Now Mr. Smyth proposes to remove from the substitution 
hypothesis its original cause and key, and to place the Clinton hema- 
tites in the category of original chemical deposits of date coeval with 
the enclosing strata. 

This result he bases on a careful and lengthy study of this ore at the 
typical locality, Clinton, N. Y., and in detail the steps of the proof are 
somewhat as follows: 

1. The ore is not embraced in limestone, but in shales and sandstones, 
the latter s^ coarse sometimes as to be conglomerate. 

2. The beds are nearly or quite horizontal, and not so placed as to 
allow easy and rapid access of ferriferous waters. 
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3. The ore is oolitic, and the oolyte has a concretionary structure, 
embracing in each lenticule, a rounded grain of quartz. 

4. The concentric layers of the lenticules consist of alternations of 
silica and hematite, which becomes evident on the removal of the latter 
by hydrochloric acid. The silica is sometimes amorphous, and some- 
tipies appears, under the microscope, to be chalcedony. 

5. This structure pervades the Clinton ore from Dodge county. Wis., 
from Rochester and Ontario, N. Y., from Tennessee, Georgia and Ala- 
bama; and even when the ore consists largely of the forms of Bryozoa 
such forms are permeated and coated with layers of ore, associated with 
silica, showing an intimate relation in the' origination of the silica and 
the ore. 

6. The shoal waters indicated by the character of the associated 
rocks at Clinton, were favorable for the formation of iron ore by sedi- 
mentation. 

7. If these lenticules were originally of calcite they must have been al- 
tered from the exterior inwardly, but in no case has there been found 
any remaining trace of such calcite. 

8. The strata are still horizontal, and percolating waters could not so 
uniformly reach and change a limestone layer, and especially to the 
neglect of other limestones overlying, situated even more favorably for 
such change. 

9. There seems to be a false chemical assumption in presuming that 
meteoric waters already surcharged with lime carbonate will also carry 
along iron salts and receive more lime in exchange for the iron at a cer- 
tain definite stratigraphic level. 

10. The lowest layer of iron ore is separated from that above it by a 
calcareous bed of shale. The substitution hypothesis requires that 
meteoric waters should pass through this shale leaving its 5 p. c. of lime 
unaffected and depositing no iron, but should abstract all of the lime in 
the lower layer where the ore is found — which seems to be gratuitous 
play of imagination. 

11. The bottom tier contains a lean ore, but its leanness is not due to 
an excess of remaining lime, but to a greater deposit of concretionary 
and fragmental silica. "It is in fact a ferruginous sandstone/' 

12. Instead of a removal of calcite by percolating waters the process 
has been the reverse and calcite is found to embrace the iron spherules 
some of which have been partially broken and exfoliated prior to such 
calcareous deposition. 

13. Wherever the spherules are found in patches and irregular 
groups throughout the rock, though not constituting a good ore, they 
are as completely formed of iron and silica as when they constitute ore. 
If they resulted from replacement they would naturally be only partially 
changed. 

14. Oolitic iron ores are being formed at the present day in conditions 
similar to those supposed for the Clinton shores and estuaries; such 
only need dehydration, which goes on at ordinary temperatures, to re- 
semble closely the Clinton ores. 
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The foregoing facts and considerations have led Mr. Smjth to the con- 
clusion that the oolitic ores at Clinton are not of secondary origin but 
were deposited as hydrated peroxide of iron in intimate connection with 
cotemporary deposition of amorphous and chalcedonic silica. 

^Tlie Orihoceraiidoi, of the Trenton Limestone of the Winnipeg Basing 
By J. F. Whiteayes. (Transactions of the Royal Society of Canada, 
Vol. IX, Section 4, pp. 77-90. Plates v-xr, both inclusive. 1891 — di%- 
tributed in 1892.) 

This is one of the most important contributions to the history of the 
Cephalopoda of the Ordovician rocks which has appeared for a long 
time. The paper consists, as the author indicates, *^f a critical and sys- 
tematic list of the OrthoceratidcB at present in the Museum of the Geo- 
logical Survey of Canada from the formation and region indicated in its 
title, with descriptions of such species as appear to be new.*' In it Mr. 
Whiteaves considers the genera Actinoceras and Snetoeenu as distinct 
from Ort/ioceras and Poterioceras from Oarnphoceras, 

The following table shows at a glance the species, author and refer- 
ences of each form in the paper in question. 



Species. 


Author. 


Reference. 


1. 


Endoceras annulatuin, var. 


Uall. 


Plate V, figs. 1 and la, p. 77. 


2. 


" Hubannulattim, 


Whitfield. 




" »^ 2 and 2«, p. 78. 


8. 


" crassitfiphonatum, 


■ N. 8p. 




VI, figs. 1-4, PI. VII, fig. 1, p. 79. 
vii,llgp. 2,2a & 8, Pl.vuijflg. 1, p.80. 


4. 


Orthoceras Himptioni, 


Billinge. 




5. 


eemiplanatnm, 


N. 8p. 




VIII, figs. 8 &Ha, p. 81. 


6. 


" selkirkenee, 


N. Sp. 




viii, figs. 2, 2a, 2b, p. 82. 


1 . 


" wiimipeffenee, 
AcUnoceraH richardi^uni, 


N. Sp. 




VIII, figs. 4, 4a, 4b, p. 82. 


8. 


Stokes. 




IX, figs. 1, 2 and 8a, p. 88. 


9. 


" bipbyi, 

" alfanietteiiHe, 


Bronn. 




X, fig. 2, p. 84. 


10. 


Billings. 




X, figs. 8, 8a, p. 86. 


11. 


Sactoceras caiiadenee, 


N. Sp. 




X, figs, la-c, p. 85. 


12. 


(ioniocerns lambii, 


N. Sp. 




XI, figs, lab, p. 86. 
Not figured, p. 87. 


18. 


PoterioceraH nobile, 


Whiteaves. 




14. 


" apertuin, 


Whiteavue. 


(( 


XI, flgt). 3 and 8, p. 87. 


15. 


" jjracile, 


N. Sp. 


(• 


XI, figs. 4 and 4a, p. 87. 



The specimens from Avhich the above species are enumerated were 
collected for the most part by oftlcerd of the Geological Survey of Can- 
ada during their explorations and surveys in Manitoba and Keewatin: 
Messrs. Dr. IJell, Dr. Selwyn, Weston, Tyrrell, Dowling, Lambe,and also 
by Messrs. Donald, Gunn and McChsrles from the same district. They 
form a valual)le addition to the National Museum of Canada at Ottawa. 

Thr Gcolofjiral atid Natural Ilintory Survey of Minnesota^ Nineteenth an- 
nual report, for 1S90. X. H. Winch kll. State Geologist. 255 pages; 
with two plates, and 36 figures in the text. The first part of this report 
contains a translation of the treatise by Dr. Emanuel Boricky, *'The Ele- 
ments of a new Method of Chemico microscopic Analysis of Roclcs and 
Minerals," 77 pages, with 40 fii^ures of thin sections arranged on two 
platoH. This work will be used in the study of the crystalline roclis of 
Minnesota, and will be welcomed by many ' petrographic students. 
Another translation presents a paper by the German geologist, Dr. J. H. 
Kloos, who made extensive observations in Minnesota before the begin- 
u'lnis: of the present survey. 
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The timber resources of Minnesota are discussed by Mr. H. B. Ayres, 
agent of the Forestry Division, U. 8. Department of Agriculture. 
Though the average number of men employed in the state in preparing 
forest products for market reaches about 17,000, and the value of the an- 
nual product about $81,685,000, it is confidently affirmed that this indus- 
try and its supply need not soon decline, if the forest lands should 
receive legislative attention and proper care, as in some European coun- 
tries. 

Other divisions of this report comprise a valuable catalogue of the 
meteorites in the State University collection, with references to litera- 
ture d scribing them; notes on the petrography and geology of the 
Akeley lake region, in northeastern Minnesota, by W. S. Bayley; and 
descriptions of new Lower Silurian lamelli branch iata, chiefly from 
Minnesota rocks, by £. O. Ulrich, who describes and figures t^^enty- 
seven new species, referred to the genera Tellinomya^ Teehnop^uynuf, 
Cleidophorus^ ModiolopsiSy Ortkodesma, Cypricfirdites, MatheriUj Ischyro- 
dontHj WhitelUif Caneamya^ and a new genus named Pletliocardvi . 

The principal Missifisippian section. By Chakles R. Kbyes. Bulletin, 
G. S. A., vol. iii, pp. 288-800, with one plate; June 3, 1892. The term 
Mississippian is used, in aci^ordance with the suggestions of Profs. 
Alexander Winchell and H. S. Williams, as a substitute for **Lower Car- 
boniferous;*^ and the section here described in considerable detail, with 
careful correlations of the strata exposed at many localities, is seen in 
the bluffs of the Mississippi river from Burlington, Iowa, to Cape 
Girardeau, Missouri. The whole Mississippian series, as there observed, is 
divided into four groups,''named in ascending order the Kinderhook, 
Osage, St. Louis, and Kaskaskia groups, which in turn comprise 
together fourteen recognized formations. 



LIST OF EECENT PUBLICATIONS. 



Papers in Scientific Journals. 

The School of Mines Quarterly, Vol. XIII, No. 1, Nov. 1891, contains: 
The Filling of Mineral Veins, by J. F. Kemp. 

The National Geographic Magazine, Vol. IV, contains: Studies of 
Muir Glacier, Alaska, by H. F. Keid. 

The Canadian Record of Science, Vol. V, No. 1, contains: Additional 
Notes on Devonian Plants from Scotland, by D. P. Penhsllow; On the 
Cherts and Dolomites of the Rocks of Thunder Bay, Lake Superior, by 
E. D. Ingall; Vol. V, No 2, contains: Descriptions of some new Species 
of Fossils from the Cambro-Silurian Rocks of Quebec, by H. M. Ami; 
The Physical Features of the Environs of Kingston, Ont., and their Hist- 
ory, by A. T. Drummond; Some Laurentian Rocks of the Thousand 
Islands, by Dr. A. P. Coleman: The Nickel Deposits of Scandinavia, by 
J. H. L. Vogt. 
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//. Proceedings of Scientific Socidtiei, • 
Trans. Wis. Acad. Sci. Arts and Letters, Vol. viii, 1888-1801, bontains: 
Some Additional Evidences bearing on the Interval Between the Glacial 
Epochs, T. C. Chamberlin; On some Metamorphosed Eraptlves in the 
Crystalline Rocks of Maryland, Wm. H. Hobbs; Notes on a little known 
Region of Northwestern Montana, G. £. Culver; On a new Occurrence 
of Olivine Diabase in Minnehaha County, South Dakota, G. £. Culver 
and Wm. H. Hobbs; Origin of the Iron Ores of the Lake Sujterior Re- 
gion, C. R Van Hise; On the Correlation of Moraines wlfh Raised 
Beaches of Lake Erie, Frank Leverett. 

Proc. Acad. Nat. Sci. Phil. (Jan. to Mar.) Remarks on the Quantity, 
Rate of Consumption, and Probable Duration of North American Coal, 
and the consequences to air-breathing animals of its entire combus- 
tion, Isaac J. Wistar; The development of the shell in the coiled stage 
of Baculites compressus Say, Amos P. Brown. 

///. Papers in Scientific Journals, 

Ottawa Naturalist, May, On Natural Phosphates. J. L. Willis. June, 
On the Sequence of Strata forming the Quebec group of Logan, with 
remarks on the fossil remains found therein. H. M. Ami. (Abstract.) 

School of Mines Quarterly, April, Topographical Survey of New 
York State, W. P. Trowbridge; Analysis of Chromite, Walter and 
Vulte; Fossil Forests of the Yellowstone, W. H. Weed. 

Nat. Geog. Mag., Vol. iv, contains: Studies of Muir Glacier, Alaska, 
Harry Fielding Reid; Tiie Mother Maps of the United States, Henry 
Gannett; An Expedition through the Yukon District, C. Willard Hayes, 
(to page 163). 

Geol. Mag. April. The Upper Trias of St. Cassian, Tyrol. Miss M. 
M. Ogilvie; On a new form of Discioocaris from Bohemia, Ottamar 
Novak; A new British phonoli'e, F. H. Hatch; Drift Coal in sandstone, 
G. W. Bulman; On the ash slates of the lake district, W. M. Hutchings; 
The age of the Himalayas, W. T. Blanford; Replies to various criticisms, 
J. F. Blake. 

May No. On a Neuropterous insect from the Lower Lias, H. Wood- 
ward; The lamprophyres of the north of England, Alfred Harker; How 
to take impressions'of fossils, J. G. Goodchild; On the origin of earth- 
(luake sounds, C. Davison; On the ash slates of the lake district, W. M. 
Hutchings. 

Jane No. On the Devonian rocks of south Devon, A. R. Hunt; Per- 
mian in Devonshire, W. A. E. Ussher; The mammoth and the glacial 
drift, II. H. Howorth; On Ammonites jurensis, S. S. Buckman; The re- 
vised theory of glaciation, G. W. Bulman. 

Am. Jour. Sci., Fehnmnj No. Bear River formation, a series of strata 
hitherto known as Bear Itiver Laramie, C A. White; Stratigraphic posi- 
tion of the Bear River formation, T. W. Stanton; Iron ores of the Mar- 
(luette district of Michigan, C. R. Van Hise; Illustration of the flexibil- 
ity of limestone, A. AVinslow; (,-entral Massachusetts moraine, R. S. 
Tarr; Proofs that the Holyoke and Deerfield Trap-sheets are contem- 
poraneous tlows, and not later intrusions, B. K. Emerson. 
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March Jfo. Mt. St. Elias and its glaciers, I. C. Russell; Hudson River 
fiord, A. M. Edwards; Contributions to mineralogy, No. 53, F. A. Genth; 
Tflchermak*! tlieory of ttie chlorite group and its alternative, F. W. 
Clarke; Rfpent fossils near Boston, W. Upham; The highest old shore 
line on Mi^ikinac Island, B. F. Taylor; Observations upon the structural 
relations o( the dipper Huronian, lower Huronian and basement com- 
plex on the north shore of lake Huron, R. Pumpelly and C. R. Van Hise; 
Preliminaiy report on observations at the deep well at Wheeling, West 
Virginia, W. Hallock; Mount Bob, Mount Ida or Snake Hill, T. W. Har- 
ris; Discov^fy of Cretaceous Mammalia, O. C. Marsh. 

April JYo. Melilite-bearing rock (Alonite) from St. Anne de Bellevue 
near Montron), Canada, F. D. Adams; Azure-blue pyrozenic rock from 
the Middle Gila, New Mexico, G. P. Merrill and R. L. Packard; Correla- 
tion of monUnes with raised beaches of lake Erie, F. Leverett; Plicated 
cleavage-folllUlon, T. N. Dale; Taological age of the Saganaga syenite, 
A. R. C. Selwyn; Third occurrence of peridolyte in central New York, 
C. H. Smytli, Jr.; Fulgurite from Waterville, Maine, W. S. B»yley; 
Mineralogiotl notes on brookite, octahedrite, ((uartz and ruby, G. F. 
Kunz; Receof polydactyle horses, O. C. Marsh. 

May No. Experiments upon the constitution of certain micas and 
chlorites, F, W: Clarke and E. A. Scheider; The age and oriifin of the 
Lafayette fonnation,£,W. Hilgard; Plattnerite and its occurrence near 
Mullan, Idaho, W. S. Yeates, with crystallographic notes by E. F. Ayres; 
Upper siluritn strata near Penobscot bay, Maine, W. W. Dodge and C. 
E. Beecher; A meteorite from Pennsylvania, W. G. Owens; Two mete- 
oric Irons, Q, F. Kunz and E. Weinschenk; A new order of extinct 
Eocene man^mals {Mesodaetyla), O. C. Marsh; Notice of new reptiles 
from the Lftramie formation, O. C. Marsh. 

June No. Sub-divisions in Archean history, J. D. Dana; Clinton iron 
ore, C. H. Smyth, Jr.; Josephinite, a new nickle-iron, W. H. Melville; 
Fibrous intergrowth of augite and plagioclase, resembling a reaction 
rim, in a Minnesota gabbro, W. S. Bayley; Notes on Triassic Dinosauria, 
O. C. Marsh. 

July Np, Polybasite and tennantite from the Mollie Gibson mine in 
Aspen, Ool., S. L. Penfield and S. K. Pearce; Post-Laramie deposits Of 
ColoradQ. W. Cross; Fossils in the Archean rocks of central Piedmont, 
Va., N. H. Darton; Notes on the Cambrian rocks of Virginia and the 
southern Appalachians, C. D. Walcott; Synthesis of the minerals cro- 
colte and ph'oenlcochroite, C. Ludeking; A hint with respect to the origin 
of terraces in glaciated regions, R. S. Tarr; Occurrence of a quartz 
bouldar in the Sharon coal of northeastern Ohio, E. Orton. 

IV. Excerpts and Individual Publications. 

Gordon's Specimen Record. C. H. Gordon, Evanston, 111. 

Olays of the Hudson River Valley. II. Riea. Trans. N. Y. Acad. 
Sd^ Vol. XT, p 33, 1891. 

The Geological Map of the United States and the United States Geo- 
logical Survey. Jules Marcou, Cambridge, 4to, 56 pp., 1892. 
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A Review of Artesian Horizons, in southern Kew Jersey. Lewis 
Woolman. From the An. Hep., State Geologist, 1891. 

A Study in Geology. £. C. Quereau, [a general description of the 
Alps.] From the report for 1891 of the Dept. of Nat. Hist. Northwestern 
University, Evanston. 

On a New Variety of Gaylussite from San Bernardino County. Henry 
G. Hanlss. From Mining and Scientific Press, Mar. 26, 1892. 

Note on Leptoplastus. G. F. Matthew. Can. Rec. of Sci., Dec., 1891. 

List of Fossils Found in the Cambrian Rocks in, or near, St. John, N. 
B. G. F. Matthew. Bui. Nat. Hist. Soc. No. x. 

Rules of Nomenclature Adopted by the International Zo<>iogicai Con- 
gress, Paris, 1889. Translated by Moritz Fischer. Am. Nat, May, 1892. 

The Paleontology of the Cretaceous Formation on Staten Island. 
Arthur Hollick. Trans. N. Y. Acad. Sci., Vol. ix, No. 5, 1892. 

Albirupean Studies. P. R. Uhler, Maryland Acad. Sci., 1892, pp. 185- 
200. 

On the Ore Deposits of Newman Hill, near Rico, Colorado. John B. 
Farish. Proc.Col. Sci. Soc, Apr. 4, 1892. 

The Terminal Moraine of ,the Continental Ice-sheet, and the Ice-age. 
Frank W. Very, Acad. Sci. Art, Pittsburgh, Oct., 1891. 

Suggestions for the Preparation of Manuscript and Illustrations for 
Publication by the U. 8. Geological Survey. W. A. Croflul. 

£la?olite syenite near Beemerville, Sussex county, N. J. J. F. Kemp. 
Trans. N. Y. Acad. Sci., Vol. ix, p. 60, 1892. 

Illustrations of the Fauna of the St John Group, No. vi. G. F. Mat- 
thew. Trans. Roy. Soc. Canada. 4to, 82 pp., 2 plates, 1891. 

Three Deep Wells in Manitoba, J. B. Tyrrell. Trans. Roy. Soc. Can- 
ada, 4to, 14 pp., 1891. 

F. Foreign Puhlicdtions. 

Mineralogy, F. H. Hatch, small 12mo., 123 pp. London, Whittaker 
&Co. 

A typical section, taken in detail, of the '^Main coal'' of the Moira, or 
western division of the Leicestershire and South Derbyshire coalfield, 
W. S. Gresley, Trans. Man. Geol. Soc, Part xvii. Vol. xxr. 

On the Glacial period, and the earth movement hypothesis, James 
Geikie. Read before the Victoria Institute, London; Supposed causes 
of the Glacial Period, (Edin. Geol. Soc. 18 Nov., 1891,) James Geikie. 

Trans. Edin. Geol. Soc. Sess. 1890-1891, contains: Landscape Geology; 
a plea for the study of geology by landscape painters, Hugh Miller; The 
southwest Mayo and northwest Gal way Silurian basin, with notes on the 
old or metamorphosed rocks of West Galway, G. H. Kinahan; Obitaary 
notice of James Croll, J. Home; An outlier or minor basin of Old Red 
sandstone, in Mid-Ross-shire, Wm. Morrison; The occurrence of plant 
remains in olivine basalt in the Bo'ness coalfield, Henry M. Cadell; On 
the more notable Scottish earthquakes which have occurred during the 
present century, Ralph Richardson; Homacanthus borealis T^ra^, a new 
selachian from the Lower OM Hed of Caithness, W. T. Kinnear; Sup- 
posed causes of the glacial period, James Geikie. 
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Records of the Geological Survey of New South Wales, Vol. n^ part 
4, 1892, contains: On the general geology of the south coast, with pet- 
rological notes on the intrusive granites and their associated rocks 
around moruya; Mount Dromedary and Cobargo,.Wnu Anderson; De- 
scriptions of four Madreporaria rugosa species of the genera PhiUlpsas- 
tnea, Heieophyllum, and Cyathophyllum, R. Etheridge; The cave shel- 
ters near Wollombl, in the Hunter river district, P. T. Hammond. « 

Notice biographique sur Gustave MalUard, E. Renevier [Tir^ du Bull. 
Soc. Vand. Se. Nat. xxviir, No. IOC]. 

Bui. de la Soc. des Naturalistes de Touest de la France, Tome /, No. 4 
contains: Description des gneiss d pyroxene de Bretagne, et des cipoUns 
quileursont associes, A. La Croix; Terrain metamorphique etchim- 
ique de la ville-au-V^ay, pres le Pellerin, avec liste de roches et des min- 
eraux que Ton y vencontre, Ch. Baret. 

Aonales de la Soc. Geol. de Belgique, Tome xviii, Ive Liv., contains: 
Note sur les rapports des etages Tournaisien et Viseen de M. Dupont^ 
avec son etage Waulsortien, C. de Yallee Poussin; Quelques particular- 
ites remarquables de la planchette de Herve, H. Forir; Etudes sur V 
Assise de Bouillon X. Stainier; L<) Poudingue de Naninne k Strud etd 
Dave, X. Stuinier; Les Failles des Samson, X. Stainier; Le Terrain honil- 
ler k Salzinneles-Moulins, X Stainier; Le Gres blanc de Maezeroul, X. 
Stainier; Sur led notations compIiqu(^es des cristaux de calcite, G. 
Cesaro; Sur un terme nouveau du Quarternaire ibferieur observe en 
Belgique, £. Deivaux; Etudes strati graphique et paleoutologique du 
Sous-sol de la Campine, E. Deivaux; Sur la significance des conglomer- 
ats it Noyaux Schisteux des Psammites du Condroz, Max Lohest; Les 
terrains Tertiaires superieura du basin de la Mediterran^e, Chas. de 
Stafani. 

Tome xcx. Liv. i, contains: Sur un fades remarquable de V Assise de 
Herve, H. Forir; Etude sur les limons herbayens et les temps Qua- 
temaires en Belgique, Alp. Briart; Description stratigraphique et pal- 
eoutologique d' une Assise de sables, ioferieurs it V argile ypresienne, 
representant in Belgique les Old Havens bed» du bassin de Londres, E. 
Deivaux. 

Eclogff geologicsB Helvetia*, Avril, 1892, contains: Note sur les corni- 
eules du Pays-d' Eohaut, T. Rittener; Notice sur un afHeurement d* 
Aquitanien dans le Jura Vaudois, T. Rittener; Pleistocene du Nord de 
la Swisse et des parties limitrophes du Grand- Duche de Bade, G. Stein- 
man et L. du Pasquier; Etude stratigraphique sur les terrains Tertiaires 
du Jura Bernoes, L. Rollier. 

Foldlani Kozlony, March-April, 1892, contains: Dr. Carl Hofmann 
(with portrait), L. Roth v. Telegd; Ueber den grossen Freigoldfund aus 
der Umgebung von Brad, Aug. Franzenan. 

BulL Soc. imp. Naturalistes de Moscou, No. 2 and 3, 1892. contains: 
Argiles de Speeton et leurs equivalents, A. Pavlow and G. W. Lamp- 
lugh; Qu' est ce que c' est que THipparion, Marie Pavlow. 

Mittheilungen fiber das GlacialgebietNordamerikas; Die endmorttnen^ 
Felix Wahnschaffe, [ab. Zeitschr. deut. geol. Gesell, 1892]. 
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Urdachea der Deformationen und der Gebirgsbildung. Ed. Reyer, 
Leipzig, 1892. 

Ueber den gegenwttrtigen StaQdpunkt unserer Kentniss von dem 
vorkommen Fosailer GNcialpflanzen, A. G. Nathorst. [Bihang Svens. 
vet akadhandl. Bd 17. A.*d iii No. 5]. 

Die Nordamerlkanischen WQsten, J. Walther, [Verhand. Gesell. f. 
Erdkunde zu Berlin, xix, 1802, No. 1]. 

VL Laboratories and Museurm, 

Bui. Lab. of Nat. Hist. State Univ. of Iowa, Vol. ii, No. 2, contains: 
Report on some fossils collected in the Northwest Territory, Canada, by 
Naturalists from the University of Iowa, 8. Calvin; Two unique spirifers 
from the Devonian strata of Iowa, S. Calvin; A geological reconnoiss- 
ance in Buchanan County, Iowa, S. Calvin; Notes on a collection of 
fossils from the Lower Magnesian limestone from northeastern Iowa, 8. 
Calvin. 
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Two or three years since, I concluded to find out, if I could, the chw- 
acter of the termination of the column of the crinoid Heterocrinus sub- 
crassus, having a Lower Silurian slab showing about one hundred speci- 
mens of the calyx, and columns in a great profusion. 

I selected a column attached to its calyx, and followed it by uncover- 
ing, until I was rewarded by discovering the column diverging into well 
defined roots:— length of column from calyx 12^ inches. 

At that time I believed that the genus Glyptocrinus were floaters, and 
devoid of bases or roots. 

About eighteen months ago, something caused me to doubt that idea, 
and I commenced the investigation of the termination of their columns, 
and now, after a great deal of work, and after many discouragements, 
I have been able to so far develop roots on the terminations of the col- 
umns of Glyptocrinus neali, Glypt. dyeri, and Glypt. baeri. I have a 
specimen of each specie", showing the calyx, column, and roots intact, 
and one slab of Glypt. baeri having on its surface several specimene of 
that character. 

One character of the specimens surprised me:— the diversity in the 
length of the columns between calyx and roots in the specimens just 
mentioned. In Glypt. neali the length varies from two to four or five 
inches, Glypt. baeri from one-half inch to six or eight, and in Glypt. 
dyeri from one to four or five inches. 

I have also found a specimen of Heterocrinus simplex, showing calyx, 
column, and inverted saucer-like base, attached to another column. 

For further information in regard to above, address, 

Dr. D. T. D. Dvche. 
Lebanon, Ohio^ July 22^ 1892. 
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Glacial Stbi^e in Kansas. I have just measured (July 8, 1892) the 
direction of undoubted glacial striee in northern Kansas. , The striated 
rock is a limestone covered with a stiff boulder-clay. The boulders are 
largely red quartzite, syenite, diorlte, slate, and porphyry, the first pre- 
dominating. 

A fair moraine crosses the southern part of Nemaha county, where 
the drift is over 100 feet thick. Some of the deeper wells pass through 
a forest bed at the depth of 80 feet. Sticks and carbonaceous earth are 
brought up from about that depth in several localities. 

The strise run to the south, south westward. More exactly they run in: 
Quarry No 1, Tn. 3, 8., Sec. 17, K. 12, E., S. 24% 86' W. Quarry No. 2, 
30 rods south of No. 1, S. 21% 08' W., both corrected for magnetic 
declination. 

I think that I am right in saying that these are the only striae that 
were formed during the first glacial epoch that have thus far been dis- 
covered in this state. Large slabs of the striated limestone have been 
taken from quarries in Nemaha county, and very many of the drift 
boulders are likewise beautifully grooved. L. C. Woostbb. 

Bureka^ Kansas, July ^, 1892, 

In the Texas Panhandle. I have had a ride on a gray stallion of 
250 miles (from Big Spring, on the Texas Pacific railroad, almost due 
south of here) and am much the better for it in health. We have had all 
kinds of weather except rain, and this is a dry season even for this dry 
country. The weather has been alternately cold i\nd hot, often present- 
ing a difference between day and night of thirty to forty degrees. Wind 
is almost constant, sometimes amounting to a gale or more, and the 
tendency is of course to keep us cool — sometimes too cool — when the 
wind has been from the north. On the other hand a temperature of 90^- 
lOO*" Fah. does not feel hotter here than 75'-80'^ in Philadelphia. 
Our greatest difficulty has been bad water; in the last 60 miles before 
reaching here we had only one decent spring, and we had to dig to get 
that free from the pollution of cattle. The other waters were either 
rain-holes or strongly alkaline. 

Our party is in charge of W. F. Cummins of the state survey. Scien- 
tifically we have had a successful trip. Our line has been along the 
eastern escarpment of the staked plains, with an occasional excursion on 
the plains and across its spurs. We have accessible Permian, Trias, 
Loup Fork, and Blanco beds. Lower down the country we had Creta- 
ceous-marine; all the beds here are lacustrine or estuary. The Blanco 
beds are above the Loup Fork, and contain a new vertebrate fauna, 
mostly mammals. We have so far fourteen species, of which ten are 
new to science, two of of them mastodons. The Loup Fork beds we 
have just discovered here, and the fossils are very numerous. We found 
a grave-yard of horses (three species), camels (two species) and masto- 
dons (one or two species). The ground was covered for acres with their 
bones, and in the bank we got out in a few hours six nearly perfect 
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skulls — all horses. So far no Carnixora, but we shall get them. The 
absence of rhinoceros is so far peculiar, but we shall getthetti Isvppose. 
We got none in the Blanco beds. This formation forms the MUre sur- 
face of the IMino estacado aad is underlain by Trias and Permian. We 
found only the Loup Fork here, and how far it passes under the plains 
we have yet to know. Edw. D. Cope. 

Clarendon, Texas, June 13, 1892. 

Dr. Wahnschaffe's Work on the Drift Deposits of Germany. — 
I was much interested in reading professor Salisbury's review of the 
"Drifts of the North German Lowland," in the May number of the 
American Geologist. It was gratifying to find one German geologist, 
at least, who seemed to favor the aqueous origin of kettle-holes. 

In 18S5 the writer published a small pamphlet on the drift formations 
of Long Island, in which the theory was advanced that the depressions 
connected with the terminal moraine were the result of sub-glacial 
streams. About this time, the late H. Carville Lewis had published a 
paper on "Marginal Kames,'* and in it, he maintained that kettle-holes 
were not the result of natural erosion, and that they were in no way allied 
to ordinary valleys. I was confident, however, that future investigation 
would prove that he was in error, although I kuew him to be a very close 
observer. It seems that their origin is still a disputed question. 

Professor Wright, in his recent work, the "Ice Age in North America," 
adopts the view that their formation was due to dirt bands formed on the 
ice, although on page 54 he gives a picture of the Muir glacier where 
kettle-holes are in process of formation seemingly by the action of sub- 
glacial streams. 

I called his attention to this fact, and he admitted that in some cases 
kettle-holes owed their origin to sub-glacial streams. 

It seems from the review of Dr. Wahnschaflfe*s work referred to, that 
only one geologist — E. Gelnitz — attributes them chiefly to the eddying 
action of waters during the melting of the ice. Dr. Wahnschaffe and 
others do not seem to favor this view, but insist that the waters arising 
from the melting of the last ice-sheet had no considerable influence in 
their formation. He argues that the depressions were already in exist- 
ence at the time of the deposition of the uppermost layer of till, which is 
doubtless true, but this need not weigh against their sub-glacial stream 
origin; as the channels may have been dried up, to some extent at least, 
before the floal retreat of the glacier. The depressions in question are 
no chance formations but belong to a beautiful and wonderful systepi of 
glacial drainage. They are in reality sub-glacial valleys — the meeting 
place of the waters under the ice-sheet. Professor H. Carville Lewis 
argued that the rim of the basins was too perfect to admit of this, but 
when closely examined it will be found that the rim is generally 
more or less indented. The basin, of course, corresponds to the size of 
the streams that came together under the glacier. The small streams 
make the most perfect kettle-hole, while the larger rivers form the large 
ponds, swamps and peat-beds. I have studied this phenomenon for 
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years along the whole extent of the terminal moraine on Long Island, 
and the longer I study the more I am convinced that these depressions 
are in some way related to sub-glacial or super-glacial drainage. 

The "ground moraine landscape" (= our terminal moraine) and the 
hills and ridges of sand and gravel, the German Durchragungtizuge und 
kfifne, owe their modification to these glacial rivers, and I believe with 
professor Salisbury that they are closely associated in time of origin. 

I cannot think that pressure has had much to do with the formation .of 
these moraine ridges on Long Island, as the material does not appear to 
be bulged up as intimated by Dr. Wahnschaffe, although there are a few 
writers who think they see evidence of pressure, and attribute the form- 
ati m of some of the kame moraines, on the north side of the island, to 
lateral thrust. I cannot think so. 

It seems as if the debns had been carried along with, and in the ice- 
sheet, and as it fell from the grasp of the glacier much of it was assorted 
over by sub-gfacial currents, and washed out from its terminal front, 
forming what is known as the south side of Long Island ('^overwash 
plains, whose surfaces show little relief"), yet the streams that issued 
from the front of the ice-sheet can be traced from the terminal moraine 
to the sea, and in places there are some conspicuous ridges which seem 
to run under the ocean, for Prof. Agassiz writing to Elie De Beaumont says, 
**the submarine dykes along our coast would be osars if they were ele- 
vated." These professor Wright calls kame deltas while the hummocky 
ridges connected with our terminal moraine the late H. Carville Lewis 
would designate "marginal kames." These marginal kames are always 
more prominent where the flood of waters was greatest, and are pushed 
further to the south, as may be seen near Fort Hamilton. Where the 
streams were not so powerful, the ^ground moraine landscape," our ter- 
minal moraine, ends more abruptly and the kettle-holes are more com- 
plete. Where the waters broke through, as at Hempstead, the terminal 
moraine disappears, and the plain becomes more extensive, and Far 
Rockaway point is the result. 

There is a slight difference of nomenclature among the glacialists of 
Europe and America, but the phenomena seem very much the same. I 
have never observed on Long Island anything that seems to answer to the 
Endmor^ne of the Germans, nor such dykes as G. H. Kinahan describes 
as occurring in the counties of Wexford and Carlow, Ireland, and yet, in 
iny last letter to the Geologist on Englacial Drifts, I spoke of a section 
in the Bockaway liailroad cut that would seem to combine the three sets 
of phenomena mentioned in the review of Dr. Wahnschaffe's Wi)rk, the 
Grundmornnenlnndschaft, the Eruhnordne and Durchragunghzufje nnd 
Kitnu. I said; "In the center of the bottom part of the drift is a mass 
of boulders in a sandy matrix, and over this is the hardpau, which is also 
full of erratics. Then comes the modified drift, and over all the engla- 
cial till which was probably laid down after the floods had subsided." 

Thus we see that the same conclusions are being reachel'by independ- 
ent investigation. John Bryson. 

Batipoi-t^ L. /.> July 6, 1892. 
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PERSONAL AND SCIENTIFIC NEWS. 



The Geological Society- of America meets in Rochester, N. 
Y., August 15 and 16, in conjunction with the American Asso- 
ciation for the Advancement of Science. A joint letter from the 
Royal Society of Canada, and from the * 'Logan Club" at Ottawa, 
has been addressed to the president and secretary of the Geologi- 
cal Society of America, inviting them to meet next December, in 
Ottawa, the Canadian capital. Ottawa is the leading, scientific 
centre in Canada now, and the fact that the Geological Survey 
staff and museum are there will be sufficient earnest of the likeli- 
hood of an enjoyable as well as of a profitable meeting. Several 
fellows have already expressed their willingness and desire to 
attend, and are in favor of Ottawa. The matter will come up for 
consideration before the Council of the Society at Rochester. 

President Chamberlin, of the Wisconsin State University, 
has accepted the professorship of geology in Chicago University. 

Br. Charles E. Beecher has been appointed assistant pro- 
fessor of paleontology at Yale University, New Haven. 

Mr. L. V. PiRSSON, who has been studying the past two years 
in Heidelberg and Paris, will teach petrography at Yale Univer- 
sity during the coming year. 

The American Association for the Advancement of 
Science, under the presidency of Prof. Jos. Le Conte, will" meet 
at Rochester, N. Y., August 16. Provision has been made by 
the local committees for entertainment and numerous excursions. 

M. Alp. Briart in a recent review of the ** Limons hesbay- 
ens " in Belgium, arrives at the conclusion that they are separable 
into two parts ( at least ) and that between them occurred an in- 
terglacial epoch of great length. This interglacial epoch he pro- 
nounces the " veritable epogue quateraave,'' the ice incursions 
themselves being only episodes. 

The Geological Commission named by the law creating a Geo- 
logical Survey for Iowa met on the 8th of July for the purpose 
of appointing a State Geologist. After considering the claims 
and recommendations of the various applicants they unanimously 
elected Prof. S. Calvin of the State I^niversity, notwithstanding 
the fact that he was not an applicant and had been doing all in 
his power to secure the election of another. 
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DESCRIPTION OF TWO NEW GENERA AND EIGHT 

SPECIES OF CAMERATE CRINOIDS FROM 

THE NIAGARA GROUP.* 

By Crableb Wacbbmutb and Frank Sprinokr, Burlington, Iowa. 

Idiocrinus W. and Sp. (nov. gen.) 
(lAlOS peculiar, KPINON a lily.) 
Infrabasals apparently 5, extremely small; placed at the bot- 
tom of a more or less deep concavity, and completely hidden by 
the column. Basals 5, very large; the posterior one truncated 
by the interbrachio-anal plate. Radials very large; four of 
them heptagonal; the two adjoining the anal side hexagonal. 
Costals 2, almost linear and considerably narrower than the radi- 
als ; the first quadrangular, and three or four times as wide as 
high ; the second pentangular, the sides of its upper angle almost 
straight. Distichals 2 in the calyx ; short. Interradial area on 
all sides composed of a single, large plate, which rises to the 
top of the dorsal cup. That of the anal side resting upon the 
basals, the four others upon the sloping upper faces of the 
radials. Ventral disk quite variable in form ; covered by a large, 
undivided oral pyramid. The ambulacra tegminal, and in the 
typical species lined by small side -plates. Interambulacrals rep 

*The species will be finely illustrated in our forthcoming Monograph 
on the Crinoidea Camerata of North America. 
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reeented by only one large, snbtrigonal piece. Anns excentric. 
Strnctare of arms and colamn not known. 

Type: Idiocrinus elonycUus, 

Distribution: So far as known, restricted to the Niagara group 
of America. 

Remarks, Differing from all other dicyclic Camerata in hav- 
ing a single plate in the anal* area, in its central, undivided oral 
pyramid, and in having but one interambnlacral plate to each side 
of the disk. 

Idiocrinus elonoatus W. and Sp. (nov. spec.) 

A small species. Calyx obponical; the ventral disk on a level 
with, or below, the upper margins of the dorsal cup^ the cup 
deeply excavated at the bottom, the basals forming a large fun- 
nel-shaped pit. Plates without ornamentation and flat, except 
the radials, which are a little convex, and rise slightly above the 
plane of the cup. Suture lines not grooved. 

Infrabasals minute, constituting the bottom of the basal con- 
cavity. Basals extremely large and elongate, the lower end curv- 
ing abruptly inward, and forming a sharp edge around the bot- 
tom of the calyx; the exposed part of the plates rising to more 
than one-third the length of the dorsal cup. Kadials once and a 
half as wide as high, distinctly angular at their lower faces; the 
two posterior plates hexagonal, being truncated by the interbra- 
chio-anal plate. Costals together less than half the size of the 
radials; the first linear; the second a very little higher, and its 
upper angles quite obtuse. Distichals 2, somewhat higher and 
wider than the costals; the upper semi-free. Interbrachials 
one, those of the four regular sides resting upon the deeply slop- 
ing sides of the radials, the anal one upon the narrowly trun- 
cated basal ; all extending to the upper end of the calyx, and all 
much higher than wide. 

The oral pyramid is somewhat weathered in the type, and the 
median part is imperfect, the apparent opening in the center being 
a mere break. The specimen, however, is interesting as showing 
indistinct traces of inter-oral sutures, which are obsolete in other 
specimens of this genus. The pyramid occupies nearly one-third 
the width of the disk, and its upper end, when perfect, formed a 
level with the distal faces of the second distichals. Interam- 
bnlacral plates one, forming a triangular area lined by small side- 
pieces, which stand erect and form upon the surface well-defined 
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0pen grooresi, of which the covering-pieces were not preserved* 
These grooves, as they pass ont from the orals, bend at first 
slightly downward, bnt after bifurcating proceed upwards to the 
arms. Nothing is isnown of the structore of arms and column. 

Horizon and Locality: Upper part of Niagara group; St Paul, 
Shelby Co., Ind. 

Ttfpe in the coHection of Wachsmuth and Springer. 
Idiocrinus ventrioqsus W. and Sp. (nov. spec.) 

A very sfloall species. Calyx nearly as wide as high; hight 
of dorsal cup about equal to that of the tegmen; the former 
bowl-shaped, the cu]^ obtusely pyramidal. Plates smooth; the 
radials and costals somewhat longitudinally convex, causing a 
depression of the intorbrachial spaces. Suture lines slightly 
grooved. 

Infrabasals extremely small and covered completely by the 
eolumn ; placed at the bottom of a narrow circular cavity, formed 
by the lower ends of the basals. Basals of moderate size, their 
lower ends incurving and forming the sides of the concavity, 
their upper angles slightly bending upwards. Radials once and 
a half as large as the two costals together, and twice as wide as 
high; three of them heptagonal, the two posterior ones hexa- 
gonal. First costals quadrangular, much narrower than the radi- 
als, and three times as wide as high; the second of nearly the 
same width as the first bnt longer. Distichals narrower and 
shorter tlian the second costals. Interbrachials large, subellip- 
tical ; that of the anal side a little wider, and truncating slightly 
the posterior basal. Oral pyramid convex, a very little tumid, 
extremely large for the size of the species, perfectly closed at the 
summit, and the interoral sutures obsolete. The outer face of 
the pyramid is covered with well defined radiating ridges, which 
proceed from the (middle of the plate to the outer margins, in- 
creasing in hight jimd width as they pass outward. Ten of these 
ridges are more prominent, and project outward around the cir- 
cumference, so as to give to the plate the aspect of a ten-rayed 
star. The inner floor is excavated centrally, and there are five 
deep grooves passing out in a radial direction. The interam- 
bukicral plates long, slender and cnneate, attached with their 
narrower upper ends to the inner margin of the orals. They 
project outward so as to form at their sides open spaces for the 
feesptkm of the ambulacra. Other parts unknown. 
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Horizon and Locality: Upper part of Niagara group; near St 
Paul, Ind. 

Type in the collection of Wachsmuth and Springer. 

Remarks, The oral pyramid of this species, which is found 
occasionally detached from the body, was regarded by Miller, 
Benedict and ourselves to represent probably the ventral struc- 
ture of some Pisocrinus. This appeared the more plausible as it 
was expected from analogy that in Pisocrinus^ as in the allied 
Symhathocrinus and Haplocrinus^ the ventral disk consisted of 
orals only, and the plate fitted approximately upon the cup of one 
of the ^ecies, which occurs in the same bed. 

Hyptiocrinus W. and Sp. (nov. gen.) 
'thTIOS bending back, KPINON a lily.) 

Name applying to the character of the arms which hang down- 
ward. Calyx depressed, wheel-shaped. Infrabasals 5, smalL 
Basals 5, four of them equal, angular at the upper end; the pos- 
terior one truncated by the anal plate. Radials comparatively 
«mall, all hexagonal. Oostals 2. Fixed brachials rather large, 
except the first costals, which are quite short and quadrangular. 
First distichals one, the distal face broadly truncated ; followed 
by several sharply cuneate pieces, which interlock, and of which 
the two or three proximal ones (in the type) take part in the 
calyx. Arms stout, probably biserial, and pendent, to judge from 
the arm openings, which are directed obliquely downward. First 
interbrachials of the regular sides very lai^e; succeeded by sev- 
eral rows of smaller pieces. Anal plate touching the basals, and 
higher than the radials; supporting three much smaller plates in 
the next row, and others above. Ventral disk depressed; the 
posterior oral and the radial dome plates spinous ; the anus ex- 
<;entric, and at the top of a large protuberance. 

DistrihuHon: So far as known, restricted to the Niagara group 
of Indiana. 

Remarks. The genus has its closest relations with Thysanoe- 
rinus, from which it differs in the flatness of the calyx, in the 
pendent arms, and in the spine-bearing disk. 

Hy'ptiocrinus TYPU8 W. and Sp. (nov. spec.) 

Specimens of medium size. Calyx wheel-shaped, nearly onoe 
and a half as wide as high. Dorsal cup broadly obconical to the 
top of the costals, then flanging outward and somewhat down- 
ward. Arm regions not lobed, but the upper margins of the in- 
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terradial and interdistichal spaces formed into sharp edges by 
means of corresponding depressions in the dorsal cup and teg- 
men. Costals and distichals marked by rounded, longitudinal 
ridges, following the median line of the plates. Ventral disk a 
little higher than the dorsal cup, its lateral margins slightly bulg- 
ing, the lower end somewhat projecting over the upper margin of 
the dorsal cup. The plates fiat, their surfaces in well preserved 
specimens densely covered by fine granules. 

Infrabasals small, hidden by the column; forming a fiat, pen- 
tagonal disk. Basals rather large^ about as wide as high, curv- 
ing abruptly upwards; the posterior one slightly truncated at the 
upper end ; the interbasal suture lines distinctly grooved. Ra- 
dials; twice as wide as high, their proximal ends distinctly an- 
gular. First costals much shorter and narrower than the radials, 
quadrangular. Second costals higher and a little wider than the 
first; their lateral faces short; the sloping upper faces placed at 
right angles. First distichals as large as the axillary costals, 
followed by two or three cuneate plates in the calyx, which 
slightly interlock. Structure of the arms not observed, but they 
were undoubtedly biserial and pendent. First interbrachials of 
the regular sides the largest plates of the calyx; they reach up 
to the sides of the first distichals and are succeeded by two rows 
of two plates each. The anal plate a little higher than the radials^ 
supporting three, two and two smaller plates. Interdistichals 
one, small. . Posterior oral nearly central, large and extended 
into a heavy, short spine; the four other orals proportionally 
small and almost flat. Radial dome plates represented by plates 
of a first and second order, those of the latter by two or three 
plates to each division, alternately arranged; all large and spine- 
bearing. The spines near the outer margins of the disk directed 
obliquely outward, and visible in a dorsal aspect of the calyx. 
Interambulacral plates numerous, of the size of the smaller 
orals, and irregularly arranged. Anus excentric, placed at the 
top of a lai^e ovate protuberance, which rises conspicuously 
above the general plane of the disk. 

Horizon and Locality: Niagara group; St. Paul, Shelby Co.^ 
Indiana. 

Type in the collection of Wachsmuth and Springer. 

EUCALYPTOCRINUS LINDAHLI W. and Sp. (UOV. SpCC.) 

Above medium stee. Most remarkable for its heavy, rounded 
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arms, which to their full length are elevated prominently above 
the outer faces of the partition walls, so the latter are forming 
the bottom of a deep groove. Dorsal cup semi-globose, its lower 
concavity not larger than the width of the stem, and enclosing 
only the basals, which are hidden from view by the narrow, round 
stem. Plates not distinctly ornamented, merely showing a 
roughened surface. Suture lines slightly grooved. 

Kadials rather large^ as high as wide, rapidly sloping to the 
lower end; their laternl faces three times as long as the- slanting 
upper; the superior face concave. First costals quadrangular, 
smaller than the radials, a little wider than high. Second costals 
hexangular, wider and higher than the first ; their sloping upper 
faces longer than any of the others; the upper angle slightly 
truncated by the interdistichal. First distichal smaller than the 
axillary costal, the second less than half the size of the first and 
subquadrangular. Palmars three in the calyx, transversely 
arranged, rounded on the back. First interbrachials ten-sided, 
as large as the radials, longer than wide, widest at the middle; 
the two of the second row nearly three times as long as wide, 
rising to the hight of the third palmars. The interdistichal a 
little shorter and narrower than the two upper interbrachials com- 
bined. The walls forming the compartments taper gradually 
to near the upper end, then widening rapidly and curving ab- 
ruptly inward, so as to form a flat surface at the summit on a 
level with the tips of the arms. Arms rather short, very heavy, 
almost cylindrical. They rise above the sides of the partitions 
much more conspicuously than is known to be the case in any 
other species, their tips being lifted out from between them al- 
most completely. 

Horizon and Locality: Niagara group, Wayne Co., Tenn. 

Type in the Illinois State Museum. The species is named in 
honor of Dr. Josua Lindahl, the eminent zoologist and director 
of the state museum at Springfield. 

Callicrinus beaghleri W. and Sp. (nov. spec.) 

Closely resembling Encalyptocrinus. The calyx has the form 
of a wine bottle, with long slender neck and a deep concavity 
at the lx)ttom, but the partition walls, instead of forming closed 
compartments to the full length of the arms, rise only to a cer- 
tain hight, and are not closed from above. Hight of the calyx to 
the base of the tubular neck one-fourth greaterthan the width at the 
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top of thedonalcap;thehightof the cap 11 millim.,thatof theyea- 
tral disk 16 mitlim., and the length of the partition walls 8 millim. 
Dorsal cap l»oadl j trancated at the base ; the sides almost straight, 
gradaally expanding upwards. The radials and oostals at their sar- 
fiaoes sharply keel-shaped, especially the former, and the anga- 
larity continaed apon the distiohals, bat not attaining the prom- 
inence as on the (dates below; the first interbrachials slightly 
convex, with a small tabercle in the center. 

Basals small and nearly of the same size, forming a concavity, 
^which is rather small and shallow for the genns. Radials near 
the upper end fully as wide as long, and twice as wide as at the 
iower part, which curves gently inward to meet the basals. First 
costals twice as wide as high; the second, which is higher and 
^der, rarely truncated by the interdistiohals. First distichals 
^wice as large as the second, and but little smaller than the ax* 
illary costals. The palmare small and pentangular. Firet inter- 
"brachials longer than wide, a little smaller than the radials; the 
upper two together nearly twice as wide as the firet, their 
upper ends rising to the bight of the second or third arm 
plates. Interdistiohals but little smaller than the upper inter- 
brachials, and protruding upwards in a similar manner. Ven- 
tral disk conical, its sides convex. The ten plates which rest 
upon the interbrachials and interdistiohals, respectively, and form 
the compartments for the reception of a pair of arms, are twice 
as high as the intervening ones, which rest against the sloping 
upper faces of the palmare. There are in all twenty partitions 
around the disk, and each arm occupies a separate compartment. 
The partition walls are moderately thick, and slightly grooved at 
their outer faces. The ten larger ones rise to a level with the 
upper end of the firet ring of plates in the disk, of which they 
form wing-like extensions; they are sabre-shaped, and pointed at 
their ends. The second ring of the disk consists of four plates, 
which are much narrower at the top than at the bottom, and 
two of them are narrower than the othere. The construction 
of the anal tube, its length, and the structure of the arms not 
known. 

Horizon and Locality: Niagara group, St. Paul, lud. 

Tifpe in the collection of Wachsmuth and Springer. 
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Remarks, The unique specimen from which the above de- 
scription is made, was discovered by Mr. Charles Beachler, a very 
enthusiastic collector, in whose honor the species is named. 
Melogbinus boemeri W. and Sp. (nov. spec.) 

Syn. Cytocrinus IcBvis Roemer; 1860, Siiur. Fauna West. 
Tenn. , p. 46, PI. 4, figs. 2 a, b, c. 

Syn. Ctenocrtnus Icevis Shumard; 1866, Trans. Acad. Sci. 
St. Louis, p. 361. 

Syn. Melocrinus Icbvim (not Goldf.) W. and Sp. (in part); 
1881, Revision, Pt. ii, p. 122. 

Calyx moderately small, turbinate, dorsal cup about as wide as 
high, gradually spreading to the arm bases, which are formed 
into five very conspicuous lobes, giving to the calyx, as seen from 
above, a decidedly stellate outline. Plates without ornamen- 
tation, a little concave, except the median line of the radial 
plates, which is obtusely angular. The radial appendages, from 
which the arms are given otf, composed of a single series of 
plates. 

Basals rather large, subequal, forming a shallow cup which is 
slightly truncate at the lower end. Radials twice as large as the 
first costals, hexagonal, about as wide as high; their upper slop> 
ing faces a little larger than the corresponding lower ones. Second 
costals very smiall and curved like arm plates ; their upper slop- 
ing faces unequal, that toward the outer side of the ray much 
longer and supporting a distichal, the inner one the first arm 
plate. The free rays, which consist of a single series of plates, 
give off the arms at intervals from alternate sides, not from 
opposite sides, as generally in this genus. Interbrachial spaces 
wide, the first plate large, succeeded by two rows of two and 
three plates respectively, which are followed by disk plates. The 
two outer plates of the upper row curve outward so as to form 
the sides of the lobes. At the anal side the first plate is larger, 
and followed by three plates in the second row, and four in the 
third. Ventral disk depressed, pentagonal; the ambulacral 
regions slightly raised above the general plane ; the plates without 
ornamentation, almost flat, and the sutures difficult to see. The 
disk ambulacra are completely subtegminal; the orals apparently 
unrepresented, and the anus is placed at the end of a large tube 
which bends to the posterior side. 



Camerate Crinoids, — Wdchsmuth and Springer. 143 

Horizon and Locality: Niagara group; associated with Astrae- 
ospongia meniscus. Decatur Co. , Tenn. 

Type in the collection of Wachsmuth and Springer. 

Remarks, Boemer described this species as Cytocrinus laevis, 
making it the type of a new genus. He supposed it had three 
basals, and he did not understand the arm structure, which is 
evidently that of Melocrinus. We refer the species to the latter 
genus, but are compelled to change the specific name, as already 
Ooldfuss in 1826 described a Melocrinus laevis from the Eifel, 
and replace it by Melocrinus Roemeri. Roemer originally in- 
cluded in this species two forms, the typical one from the Niagara 
group of Western Tennessee, and another from the same horizon 
of Louisville. The latter has been described by us as Melocrinus 
oblonyus. The two species resemble each other in form, but M. 
ohlongus is considerably larger, the calyx contains many more 
plates, and the tubular appendages giving off the arms are com- 
posed of two rows of brachials in place of one. 

Melocrinus oblongus W. and Sp. (nov. spec.) 

A rather slender species of less than medium size. Dorsal cup 
obconical; the sides straight to the top of the second costals, 
whence the rays turn outward and form distinct lobes around the 
calyx, which give to the section a decidedly pentalobate outline. 
Plates convex, a little tumid, but without ornamentation. 

Basals small, subequal, notched at the sutures, the lower face 
but slightly truncate and very little excavated. Radials and first 
costals generally longer than wide, especially the former; the 
second costals often as wide as long. Distichals 2x10; the two 
upper axillary and separated by a small interdistichal. The tubu- 
lar appendages not preserved in the specimens, but, as there are 
two distichals to each ray, they obviously were biserial. The 
first interbrachial as large as the first costal, succeeded by rows of 
two, three, three, and three plates, which meet the interambulac- 
rals. Anal interradius a little wider, with three plates in the 
second roW, and four in the third. Ventral disk low, irregularly 
convex; the ambulacral spaces slightly elevated; the plates — 
orals included — almost of uniform size. Anus subcentral, at the 
end of a tube. 

Horizon and Locality: Niagara group; near Louisville, Ky., 
and St. Paul, Ind. 

Type9 in the collection of Wachsmuth and Springer. 
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Remarks, This form was regarded by Boemer* as specifically 
identical with his Cytocrinwt kievtSy which comes from the same 
horizon in Tennessee, and resemble^ it in general form; bat the 
appendages of that species are composed of single Joints, and it 
has a smaller number of interbrachials. 

Melocbinus parvus W. and Sp. (nqy. spec.) 

A small and very slender species of the type of Melocrxnut 
Roemeriy having, like that species, five uniserial appendages giving 
off the arms. Dorsal cup ob-pyramidal, the interradial spaces 
deeply depressed, and the cross-section at the top of- the costals 
distinctly pcntalobate. The plates a little convex, and covered 
with obscure ridges. 

Basal cup almost cylindical, its upper end slightly wider, the 
lower face completely covered by the column ; the plates as high 
as the radials, and the iuterbasal and basi-radial sutures dis- 
tinctly grooved. Radials a little higher than wide. First costals 
of the same proportions as the radials. Second costals smaller, 
proportionally shorter, and irregularly axillary ; one of their upper 
faces shorter and giving off an arm, the other forming the base of 
the free ray, which necessarily was uniserial. Interbrachials three 
at the regular sides, four at the anal side, the latter having three 
plates in the second row against two at the other sides. Ventral disk 
convex, the interambulacral spaces a little depressed; composed 
of moderately large, slightly convex plates. Anus excentric. 

Horizon and Locality: Niagara group, St. Paul, Ind. 

Type in the collection of Wachsmuth and Springer. 

Remtirks. This species differs from M. roemeri in the nar- 
rower and less spreading base, in the proportions of the radials 
and costals, and in the convexity of the plates. 



NOTES ON A COLLECTION OF FOSSILS FROM THE 

LOWER MAGNESIAN LIMESTONE FROM 

NORTHEASTERN lOWA.t 

By S. C4LVIN, Iowa City. 

Until recently we have been accustomed to regard the Lower 
Magnesian limestone of the Upper Mississippi valley as destitute 
of organic remains. Dr. White in his report on the Geology of 
Iowa, Vol. I, pp. 173-174, says that <<the only fossils that have 

*Silur. Fauna West. Tenn., 1860, p. 46. 
tFromthe Bulletin of theLaboratOfift<l( 
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been found in this formation in Iowa are, so far as known, a few 
traces of the stems of Crinoids found near McGregor/' Whit- 
ney in Hall's Geology of Iowa, p. 337, speaking of indications of 
organic life in the Lower Magnesian limestone, says that ''in 
Iowa, indeed, we have observed nothing of the kind." Owen 
seems to have been more fortunate than the other observers men- 
tioned, for in his report on the Geological Survey of Wisconsin, 
Iowa and Minnesota, p. 60, he enumerates a few genera that ar0 
represented in this formation, but does not cite localities. The 
£uomphalut and OphiUta which he mentions, may be from the 
horizon of the Lower Magnesian limestone of Iowa; the trilo* 
bites referred to are probably from the Upper Potsdam or St. 
Croix group as will be noted farther on. In the Geology of Wis- 
^nsin, Vol. iv, Whitfield describes a number of species fiy>m 
the Lower Magnesian limestone, but it is probable that the only 
species referable to the horizon of the formation in Iowa is his 
Huomphalus strongi which he says occurs in cherty beds in Rich- 
land county, Wisconsin. In the Geology of Minnesota, Final 
Beport, Vol. i, pp. 222-223, Prof. Winchell mentions the discov- 
ery of organic remains in limestone of the same age as our Lower 
Magnesian. The fossils occur only in cherty beds and embrace 
the genera Orthoceras, Ophileta and Pleurotomarxa, 

In all discussions relating to the fauna of the Lower Magne- 
sian limestone of Wisconsin, Iowa and Minnesota, it should be 
borne in mind that for many years geologists have confounded 
the St. Lawrence limestone, a member of the Potsdam or St. 
Croix series, with the Lower Magnesian. In the Geology of 
Minnesota, Final Report, Vol. ii, pp. 14 to 22. Prof. Winchell 
gives the results of the latest investigations on this subject and 
points out the true relations of the long misunderstood St. Law- 
rence limestone. It is possible that all the species of Diceloceph- 
alus, CunocephaUtes, Ilhtnuruit, and other forms associated 
with them, which have been credited to the Lower Magnesian 
limestone, have come from the St. Lawrence limestone and belong 
to a horizon below that of the Lower Magnesian. 

Within the past few years Mr. F. H. Luthe, an enthusiastic 
and intelligent amateur geologist, of McGregor, Iowa, has inves- 
tigated the fauna of the Lower Magnesian limestone of Clayton 
and Allamakee counties, and has brought to light an assemblage 
tfnm of very great interest. Mr. Luthe has kindly placed 
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his collection in my haode for examiDation. Ail tlie recognizable 
species belong either to the Gasteropoda or Cephalopoda. Indeed 
all the species belong to one or the other of the alx>ve groups ex- 
cept some amorphous, laminated, porous structures that recall 
certain forms of the Stromatoporoidea. 

The following species, all apparently confined U> cherty layers 
of the formation, may be noted: 

Metoptoma alta Wkitjield. The collection coutains speci' 
mens apparently identical with the species described and figured 
by Mr. R. P. Whitfield under the above name in bis paper on 
FotiiU from the Calci/erou* Sand-rock of Lake Vhamplain, Bul- 
letiD of Am. Museum of Natural History, Vol. ii, No. 2. The 
Iowa specimens referred to this species are lai^r than those from 
Lake Cbamplain. With the above occur two or three other species 
of Metoptoma. 

TaiBLiDicTM, sp. There are a Tew forms presenting theappear- 
ance of Capului or Platyceras that probably belong to this genus. 

STaAPAROLLUS CLAVTONBNsiS, n. sp. This is by far the most 
common species in the collection. It resembles Euomphalug cat- 
ci/erux Whitfield, Lake Cbamplain Fossils, p. 47, plate viii, Bg^. 
12 and 13. The volutions are four or more in number, circular 
in transverse section; umbilicus wide and deep; spire sometimes 
almost flat, usually slightly elevated. From E. calci/erut W., 
this species will be distinguished by the fact that the volntions, in 
the cast, are not embracing, scarcely touching each other, and the 
volutions are not coiled in the same plane. The two forms are 
about equally robust and the whorls expand at about the same 
rate. Strnpai-nllng clnytontntiii differs from Eaomphahu itrongi 
Whitfield, in the greater number of leas rapidly expanding volu- 
tions, the absence of carinse or angles on the whorls and the pro- 
nounced difference between the umbilical and opposite sides. 

Strapaeollus PRiHTiNiFORMis, n. sp. This is a smaller form 
than the preceding; volutions less robust, not embracing or 
slightly separated in the cast, coiled in the same plane ao that 
the spire and umbilical sides are similar in appearance; whorls 
nearly circular in transverse section, upper surface of eacb marked 
by an obscure carina, with traces of another carina still more ob- 
scure half way between thi' middlL- of Hit- wliorl iind thu suture. 

Rapiiistoma pepihenbE JHeek. 'I'Uu collection contaiiis many 
speclznens of this VttC^Ae/ll^ltB^BpcAeB. The spir« i» dopKased 
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and consists of i^bont %\% volutions in specimens having a diam- 
eter of one inch. The periphery is sharply angulated and the 
umbilicus wide when compared with other species of the genus. 
Compare R. trochiscum Meek, in , U. S. Exploration of the For- 
tieth Parallel, Vol. iv, p. 1?. 

Raphistoma multivoi^yatum, n. sp. Shell moderately large, 
more than an inch and a quarter in diameter; spire depressed; 
whorls five or more in number, increasing gradually in size, each 
about one and a hi^f times as large as the preceding ; each whorl 
bears an obtuse angular carina near the suture ; suture somewhat 
deeply impressed; upper surface of each whorl concave; outer 
margin marked by a sharp angle from which the convex lower 
surface of the last whorl slopes downward and inward to the 

angle that bounds the umbilicus. 

Raphistoma faucivolvatum, n. sp. This is a small lenticular 

species having from two to two and a half very rapidly expand- 
ing whorls. 

HoLOPEA TUROiDA ffall, Theire area number of specimens in- 
distinguishable from this species as it is described and figured by 
Hall, Billings and Whitfield. S^ Paleontology of N. Y. , Vol. 
I, p. 12, plate III, figs. 9 and 10; and Lake Champlain Fossils, 
by Whitfield, p. 50, plate ix, figs. 3-7. 

MuBOHisoNiA, sp. There are a few specimens referable to this 
genus. They are characterized by an elongate spire with many 
sharply angular volutions. 

Orthoceras primiqenium Vanuxem. This species is well repre- 
sented by two or three specimens, all showing the characteristics 
by which it may be readily distinguished. See works of Hall and 
Whitfield already cited. 

Cyrtocbras luthei, n. sp. Shell . rather small, elliptical in 
transverse section, only moderately curved; length of an aver- 
age specimen from two and a half to three inches, greatest diam- 
eter of body chamber three-fourths of an inch; septa very num- 
erous, ten chambers occupying the space of half an inch; septa 
oblique to the axis, rising highest on the convex side, the obliq- 
uity increasing as the septa approach the chamber of habitation; 
siphuncle large for the genus, situated close to the inner or con- 
cave margin, tapering more rapidly in proportion to size than the 
shell, and expanding to a trifling extent between the septa. Outer 
chamber long; margin of aperture and surface markings un- 
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known. This species will be readily reCt^ieed by its elllptioaL 
section, its obliqne, closely crowded septa, and its large, internal, 
rapidly tapering siphancle. 

The specific name is given in honor of Mr. F. H. Lathe, of 
McOr^or, Iowa, to whose skill and enthnsiasm science is in- 
debted for valuable additions to oar knowledge of the fauna of the 
Lower Magnesian limestone in the valley of the Upper Mississippi. 

The collection contains fn^ments of other species that will 
sometinie, we hope, be represented by identifiable specimens. 

In general aspect this fauna resembles that of the Calciferona 
sand-rook about lake Champlain. The identity of the species in 
some oases and the close resemblance in others, leaves little doubt 
•8 to the exact equivalency of the Lower Magnesian limestone 
of Iowa with the Calciferons series of northeastern New York. 

Geological Laboratory, Vnivertitg of Iowa, May S6, 1892. 



THE SCOPE OF PALEONTOLOGY AND ITS VALUE 
TO GEOLOGISTS. 

AddretibcforeSecUanE., A.A.A.8.,Ang.lT,Uea,bT H. S.Willub*. 
H«w Hmnn, Conn. 

The scientific study of fossils is scarcely a century old. It 
was in 1796 that Cuvier for the first time ventured to say that 
certain fossil txiues found in the Paris basin represented an tx~ 
tinct apecies of elephant. 

About the year 1819, William Smith became famous by prov- 
ing that rock strata could be traced across the country by their 
foe^ls, that at each outcrop across miles of interval a stratoffl 
could be recognized by the identity of the fossil shells it contained. 

Previous to thb, fossils had been regarded as cariosiUea. 
Covier and Smith made it clear that fossils tell us of organisms 
of whose existence or nature we should otherwise be ignorant,and. 
that the kinds of oiganism are, somehow, related to the different 
strata of rocks. 

Deshayes who was a friend of Lamarck, and Lyell, and a little 
later, William Lonsdale were among the first to demoiutntte the 
wide scope of paleontology and Its ine«tia»ble importanoa In th* 
interpretation of the problems of geology. 

Lyell tells us in his "Antiquity ot Man," (p. 3), of thi^ method 
he employed in determining the subdivisions of the Tertiary: 
"When engaged iti 182R" (he writes) "in preparing for the press 
the treatise on geology, above rilBifaid. ttiOb* thiid volume of 
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'FrincipleB of Qwhgy''], I oonoeiTed the idea of classing the 
whole of this series of strata aooording to the different degrees 
of affinity which their fossil Testacea bore to the living forms. 
Having obt^ned information on this subject during my travels 
on the continent, 1 learned that M. Deahayes of Paris, already 
oelelnnted as a Conchol<^st, had been led independently, by 
the study of a huge collection of recent and fossil shells, to 
very similar views respecting the poeaibility of arranging the ter- 
tiary formations in chronological order, aooording to the propor- 
tional number of species of shells identical with living ones, which 
characterized each of the .successive groape above mentioned." 
' The view of M. Deshayee may be given in the words of Robert 
Bakewell, as found in the 5th edition of his geology (p. 399, 
1838). He writes: 

"H. Deshayee considerii that the relative ages of different 
groups of strata or fcHrmations may be determined by their zoolog- 
ical charactera alone; that is, by the species of shells they con- 
tain. He tonaa two grand , divisions of stratified formations: 
I. Those which contain no species of shells analogous to exist- 
ing species [meaning MfoMteoi ^Mcies]. This division is stated 
to comprise all the secondary strata. 2. Strata which contain a 
greater or lesser number of species analogous to existing species. 
The last division comprises all the tertiary formationa. Again 
he subdivided this division into three groups, according to the 
greater or lesser proportion of species of sheila tbat they each 
cont«dn analt^ons to living species." (Bakewell's Introduction 
to Geology, p. 399). 

The law here propounded is quite different from that announced 
by William Smith. "That each stratum contained oi^nized 
fossils peculiar to itself, and might, in cases otherwise doubtful, 
be recognized and discriminated from others like it, but in a differ- 
ent part of the series, by examination of them." (Phillips' 
Hemoimof William Smith, p. 15.) 

Smith's law considers only the significance of fossils as marks 
indicating the stratum to which they belong. Fossils studied 
and described on this basis, are at best but ' 'Medals of Creation, " 
1. s., the classified signs by which geological formations may be 
recognized. TIiIh is the scope of the older paleontology. The 
higher or compnnttive paleontology as set forth by Deshayes, 
Lyell and Lonsdale oonsiders the relationship which fossils bear 
to each other, to those which preceded them and to their sucoes- 
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sore. It deals with the history of oi^niams, and therefore is 
able to find in fosailH themselves the evidence of the order of 
sequence of the rocks containing tbem. 

I quoted from Bakewell, because he considered Deshayes' and 
Lyell's methods as innovationa. When, in 1833,he wrote the preface 
to the fourth edition of his geology, he expressed his contempt thus : 
"Great importance," he says, "is attached to the study of fos- 
sil shells i but the character of the animals that inhabited them, 
of the power they might possess of modifying the form of the 
shell under various circumstances, has scarcely been thought of. 
Some French couchologists are endeavoring to establish the doc- 
trine that fossil conchology, independent of the suvcession and 
stratiflcatioD of rocks, is the only true basis of geology; and a 
trifling difference in the form of a shell, is deemed sufflcient to 
constitute b. new species, and to warrant the most important con- 
oluaions respecting the age of the rock formations." 

This was sixty years ago, when the general belief was that 
species are immutable, and therefore that new creation was neces- 
sary to account for distinct species. The geologists rect^nized 
the importance of species as indicatioo of the age to which the 
containing rock belonged, and fossils were regarded as particularly 
valuable in classifying and identifying the stratifled rocks, but the 
question was raised by Deshayes and Lyell — "Is there not a natural 
sequence in the order of the successive species?" Lyell evidently 
did not for several years realize the full import of the question be 
propounded when be spoke of the relative affinity of the species. 

William Lonsdale, in 1839, made a still higher application of 
paleontology, in bis determination of the fossils of South Devon- 
shire to be of intermediate age between the Carboniferous and 
Silurian systems, which led Sedgwick and Murchison in the same 
year to propose a Devonian system as of the same age as the Old 
Red system, though containing no fossils of the same species. 

The conditions were these; Murchison had recognized the "Car- 
Ixmiferous limestones" and the following "Coal Measures" in 
northern England containing their characteristic fossils. In the 
Cheviot hills the "Old Red aandstoDe«" were found below tbem, 
with their fish remains. 

In western England the "Silurian system* with its marine fos- 
sils was known to run iipwurd into rocks ndtb similar ri 
considered to be the Iowlt Old Red I 
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And the order, (1) Silariaa system, (2) Old Bed system, (3) 
Carboniferous system, it was believed, expressed a continuous 
stratigraphical series. Wheu certain fossils from the limestones 
of Newton, Bushel, and other localities in South Devonshire 
were given Lonsdale to describe, be determined them to be of the 
age of the Old Red sandstone, in tbe following way, (to use his 
own language) : ' 'It was therefore by combining together this evi- 
dence, the presence, in the same series of beds, of shells resem- 
bling or identical with Mountain limestone species, of Silurian 
corals, tbe Ca/ceo/n Sau<lafina, and various distinct Testacea, that 
1 was induced to suggest that tbe South Devon limestones are of 
an intermediate age between tbe Carboniferous and Silurian sys- 
tems, and consequently of the age of the Old Red sandstone:" 
(Notes on tbe age of the LimeBtones of South Devonshire by 
William Lonsdale, F. G, S. [read March 25, 1840] Trans. Geol. 
Soc. 2d Sec, Vol. v.. p. 721,) 

Sedgwick and Murebleon adopted Lonsdale's conclusions without 
reserve, although they produced ra^lical change in the classification 
they had already published, and on the strength of them they 
founded the Devonian System, and said: "This is undoubtedlj' 
the greatest change which has ever been attempted at one time in 
the classification of British i-ocks,' and further, '-So far from 
thinking ourselves rash and hasty in drawing the preceding con- 
elusions, we think we may ratlier be accused of lieing over-cau- 
tions and tardy in accepting evidence, however opjwsed to 
commonly receivetl opinions." 

(Sedgwick and Murchisoii, "On the Physical Structure of 
Devonshire, etc., Pt, ii, on the Classification of the Older Strati- 
fled Rocks of Devonshire and Cornwall." Trans. Geol. Soc., 2d 
Sec., Vol. V, p. KHH.) 

This interpretation was not stratigraphical, nor was it a cslsv of cor- 
relation by means of a common species of fossils, after the William 
Smith method of paleontology, but it was a case of determining 
the stratigraphical position of the Devonian fauna bya comparison 
of its species with thoseof other faunas from which it differed. It 
te « typical case of what 1 would call Companitive Paleontologj. 
Ib both of the cases cited it will lie noted that the fundamental 
tact nndi-rlying the determinations made, consists in the rccog- 
dized nuluml order of si-quence of species corresponding to the 
HVniti(jrapiiic order of the rocks containing them. 
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It is nut probable that any of tbeae early paleontologists under- 
stood the full meaning of this sequence, and we are hardiy yet 
able to see how much the studies of the paleontologist have done 
to establish the deri\'ative theory of evolution. Bui it is becom- 
ing every day more and more apparent that the reason for ils great 
value to geology and for the grandness of the scope of paleontol- 
ogy is the fact that its subject matter is the records of the hietorj' 
of organisms. 

To the comparative paleontologist, fossils are hieroglyphics, 
which tell more fully than those of Kgypt and Persia of the hab- 
its, customs, migrations and environments of the successive races 
from the beginning of the world. Although the strntigraphic 
order is all important in reading them, when the clue to the story 
is found, the fossils are as much more important than the strati- 
graphy (to the correct interpretation of geology) as the meaning 
of a. sentence is more important than the succession of the words 
on the page. 

But ! speak here of the scope of the pure science. Before 
this audience 1 would call particular attention to the value of com- 
parative paleontology to the geologist, as a means of dctemtining 
the structure and development of the earth. 

Lyell was the first to use paleontology as a means of classify', 
ing geological formations. In establishing the divisions of the 
Tertiary, '. -■. , Eocene, Miocene and Pliocene, he made a numer- 
ical comparis<m of the faunas themselves. This method has its 
imperfections, but the fundamental truth underlying its applica- 
tion is that there is a natural order of succession in the histor}' of 
organisms whose remains are preserved in the strata. This order 
of succession is observable in respect of three different sets of 
characters; 

(1.) The parts or 'ij-yiKi' of which each individual organism is 
composed. 

(2.) The separate itpeclex existing at any particular time. 

(3.) The combination of species \rX.o /nnuni' or jforis which ore 
associated with certain conditions of environment. 

In the first case we Itnow how the organs arise, not ready made, 
l)ut in each individual by gradual mo<Iification of the organless 
germ one after another the various parts and organs of the adolt 
are perfected. The paleontologist lias loariu'il lliat in some e 
era! way. at least, the natural sequuiicc of form of < 
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followed the same law. As among vertebrates, the multirayed 
fin of the fish, the webbed paddle of the enaliosaur, the paw of the 
crawling reptile, the hand of man form a natural sequence of de- 
velopment, the later in each case presupposing the preceding stage. 

In the second case it is well known that there is a natural suc- 
cession of species. This succession points to genetic relationship 
between successive species, and it is an established law of this 
succession that species most like each other occur near together 
in the chronologic order, and species of the same genus, present- 
ing the greatest divergence from each other, are also the more 
widely separated in time. 

In the third case it is known regarding living organisms that 
they present natural association with each other and in adaptation 
to the various conditions of environment. The law of this asso- 
ciation is expressed by the terms fauua and flora. Paleontology 
teaches that the faunas and floras change, and, as the law of Lyell 
illustrates, that this change is gradual and in a definite order. The 
individuality of a fauna can be recognized and can be followed 
out in its successive changes, and these changes are best ex- 
plained by the law of adjustment to environment. 

In the series of modified organs we see the law of orydnic di- 
cflopment^ in the series of successive species of a race, the law of 
fifreditary ta^ohifion, and in the composition and changes of sue 
cessive faunas the law of adjustive adaptatinn to fiicironmeat. 

It is an expression of these laws that the fossils become such 
delicate tests of the chronological order and tlie geological condi- 
tions of the past. 

In the interpretation of the divisions of the Tertiary. Lyell ob- 
served the law of succession of a single fauna, and, for a single 
continuous fauna, the gradual accession of new species and ex- 
tinction of old would express a normal law of succession. If, 
however, two faunas are compared, the number of common species 
would depend upon the likeness or ditference of the environing 

conditions. 

To apply the Lyellian principle correctly, it is necessary to 
compare the successive faunas of the same province, and for the 
recognition of the province too, it is necessary to consider the 
possible change of climate, or the efl^ect of the shifting of condi- 
tlODS by elevation or depression of the bottom, or change of re- 

of sea to surface of the land. 
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This principle involves the fact that each species has a limited 
life period, but it does not involve, in Lyell's first usage of it, 
the fact that one species is necessarily descended from another. 

Before this latter law was accepted as a fact, the natural sequence 
of species, and of genera and orders was known. Lamarck had 
advanced the idea of the spontaneous origin and progressive de- 
velopment of the organisms of the earth, but it is interesting to 
note the fact that the natural sequence of different orders of be- 
ings was generally accepted before it was granted that natural 
descent was the explanation of the sequence. Deshayes maintained 
that the species of the Cretaceous were all extinct, and in this fact 
was found the ground for separating the Tertiary order of rocks 
from the Secondary, the former alone containing shells identical 
with those now living. 

The laws of geographical distribution, with resultant modifica- 
tions of those combinations of species called fauna and flora, and 
the modification of the species themselves in their adjustments to 
changed environment, are sufficient to explain the imperfections 
of the Lyellian principle of determining relative antiquity of for- 
mations by the mere numerical proportion of recent species they 
contain, but as a general principle it is satisfactory. The same 
principle of numerical comparison when applied to genera, fami. 
lies and orders furnished the basis for the classification of the geo- 
logical series into Cenozoic, Mesozoic and Paleozoic. 

The mere numerical comparison of faunas is incapable of very 
minute application in marking the chronological scale, for the 
reason that the life period or range of species is often e(|ual to that 
of a geological period, and the life period of a geniis may span 
two or three 83'stems. In these particulars I refer specially to 
invertebrates. Land vertebrates express a much greater sensi- 
tiveness to changes of environment, but as a means of determin- 
ing the geological age of strata, they are of such rare occurrence 
as to bo practically useless for the general geologist. Vertebrates 
when they are present, as wiell as plants, are of extreme value as 
time indicators. Thus it is evident that we owe to comparative 
paleontology, and not to stratigraphy or lithology, the primary 
clas.sificatiou of the geological scale, and the means of distinguish- 
ing the chronological position of each formation. 

A second invaluable service of paleontology' to geology is found 
in the application of the law of succession of the great groups of 
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organisms. In the history of vertebrates we are all familiar with 
the law of succession: (1) Fish, (2) Amphibians, (3) Reptiles, 
(4) Mammals, and in another line, (3) Reptiles, (4) Reptilian 
Birds, (5) Birds. 

The finding of remains of any one of these groups of animals 
is sufficient evidence that representatives of the lower type had 
previously existed. The abundance of reptilian remains is certain 
indication of later age than the Paleozoic; the abundance of 
mammals, of age later than Mesozoic. In the same way the trilo- 
bites are known to be an ancient type, and the decapods a more 
modem. type of Crustacea. The Tetracoralla are older than the 
Hexacoralla. And a great number of similar instances can be 
named, where, in a particular class or order of organisms, there 
is a definite succession in the order of their dominance and theo- 
retically it is believed also, in their initiation. A third applica- 
tion of paleontology is made by the comparative study of species 
of a particular genus, or the genera of an order. In each genus 
there is observed to be a period of particular abundance before or 
after which there is more or less rapid diminution in the number 
of species found. Thus the brachiopods, so abundant all through 
the Paleozoic rocks, present a definite order of sequence in the 
genera and families, relative abundance of species of which, irre- 
spective of specific names, is a reliable indication of geological 
age. The Cambrian is indicated by the abundance of its Obolidse 
and other inarticulate genera, the lower Silurian by abundance of 
Orthidse and Strophomenidae, the upper Silurian by numerous 
genera of Strophomenidae, Pentameridae and Rhynchonellidf^, the 
Carboniferous by dominance of the Productidae, the Mesozoic by 
dominance of Terebratulidae and absence of the Paleozoic types. 
So, too, the Cephalopods furnish a scale of families which present 
a natural sequence, the Orthoceratidw, the Goniatitida?, the Cerat- 
itidae, the Ammonitidae, and the dominance numerically of these 
several divisions at once testifies to the 1st half of Paleozoic, the 
2d half, the Ist half of Mesozoic, the second half of Mesozoic, 
and absence, or almost total absence of each, to the Tertiary and 
Recent. 

Less is known of the succession of species in continuous series 
as indicative of order of time. The famous oase of the classifi- 
cation of the beds of the Lias by its Ammonites is a characteristic 
example. Oppel, Wright, Buchman and others have studied the 
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AmmoQites peculiftr to each atratum tad cinssified and d[>fine(l 

The Dame applied to each zone is tlie specific name of the Am- 
monite peculiar to the bed, as 

Zone of Amnimiiln {Aegorenm) p/nunrliin. the planorbis l>ed. 
•' " '■ " angiiltitint. angulatua bed. 

And so on, bucklandi, tttbercnlalus, ohliitiu, etc., beds. 

Although this is not the pui-ely comparative method, but is 
rather an extension of William Smith's principle of rect^nition of 
the beds by their fossils, the comparative element is seen in th« 
succession of distinct species in succeeding comparatiTely thin 
beds. The studies of Branco and Hyatt expanded the investiga- 
tion to a comparative study of the series of Ammonites of a single 
genus, and brought out thereby the exact laws of succession of 
the several known representatives of tbe family and their relation 
to each otiier, showing unmistakable succession in series of forms, 
whose order can be accounted for only as genetic. 

Hilgendorf, in his famous study of tlie i'luHorliin of Steinheim 
and Waagen with tbe Ammimi/fs, Neumayr with the PiitiKtinai, 
Homes in the case of the Cniicetlariu, have traced elaborately the 
paleontological series of forms of a single genua, illustrating this 
important principle. 

In the case of the Pliocene I'ti/iuUnni examined by Neumayr, a 
series from below upward was traced, wUicli at tbe base exhibited 
a normal Pnlndiua {P. nf.iiimtyrl) and the latest of the series, (P. 
hoei-ii'-Ki') was not only regarded as speciftcally distinct, but as the 
type of a distinct genus. Tnhtoimi. (See Neumayr, p. 57.) 

Prof. Hyatt has eialKirately traced out alt the known species of 
the Arirtiihr in the same way, and arranged the different forms in 
series extiibiting their chronological mutations. Wa^en applied 
this term "Mntntioii" to the modification of form observed on com- 
paring the successive representatives of such series, to distingnish 
it from the modiScationa which are exhibited contemporaneously, 
and are defined under the terms ''variation" and "variety." The 
scries of fossil horses described by Harsh and Huxley is another 
case in which the '-mutations" reached a generic value. 

All through the field of paleontology may be found similar aeries 
of genera in which thi- succession is of such a nature as to suggest 
genetic relationship and to lead lo the tfaftOtctloal . oopatract ioil of 
phylogenetic lines of descent. 
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Although it may be rightly objected that evidence is in most 
oases extremely imperfect, and in attempte to flU oat paleontolog- 
ical seriea imagination haa bean freely used in filling the gaps, 
^ber% caa ba no qaciHon as to the immense value to geology of 
the knowledge already acquired in this highly theoretical part of 
paleontology. 

It is the difftrenct* observed on comparing fossils coming from 
different horizons and different regions that are of value in these 
determinations, and not the i%umerical proportion of identical 
forms, as in the William Smith method of identifying strata. 

It is the direct interpretation of observed variation and muta- 
tion of organic forms into terms of the amount of geological time 
and the extent of change in environment. 

This comparative paleontology, to be accurately used, must 
deal with the finer details of form and structure, because the evi. 
dence of genetic aflftnity must be perfectly clear before the series 
can be depended upon as expressive of the true order of evolu* 
tion. 

A remark should be made here upon the limitations to the use 
of fossils as indicative of geological SLge. 

Granting the general proposition that the differences exhibited 
by different species of the same genus are variations and muta- 
tions in the descendants of a common stock, still it is not possi- 
ble to decide a priori what the rate of the modification may have 
been. Certain modifications are undergone in a season during 
the ontogenetic development of the individual from the germ cell 
to the adult. In the same way examination of a large number of 
cases in different groups of the Animal Kingdom, shows that in 
many cases there is in the early stage of the life history of a new 
genus, rapid expansion in specific modification, and later on each 
specific line appears to express only very gradual ^'mutation'' in 
Fespect of certain characters in which at its early stage it was 
definitely variable. In other words, upon studying the life his- 
tories of species there appears good evidence of an initial stage 
in which the species present characters in a plastic state ; later 
these characters became fixed in each genetic line, and the species 
appear, on this account, to be more distinct in their characters. 
Hence the amount of difference exhibited between two species 
will not arbitrarily indicate their distance apart in the genetic 
series. 
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Also different genera exhibit <1ifferent rates of mutation. It 
results therefore that the law of mutation muBt l)e studied sep- 
arately for each geaus, and even then the acceterative effect of 
changed environment is not hnown, although it is within the 
reach of investigation. 

Another difflcnity in the way of close application of these laws 
in detnvnmrtiaa of a^ is tliat a priori it ia impossible to tell 
whether the differences exhibited by two closely allied forma are 
variftal and associated with changed environment, or mntalional 
and associated with the paleonto logical evolution of the race. 

The study of these problems must therefore be intimately asao- 
ciated with minute regard to stratigraphic sequence, just as in 
deciphering a manuscript, the succession of the words is essential 
to a correct interpretation of the writing. 

The way in which the paleontologic record supplements the 
stratigraphic evidence is seen in the fact that the paleontology ia 
capable of showing gaps or omissions, the length and nature of 
which cannot be calculated from the strata themselves. 

Another mode of investigation has been employed in which 
the modifications of a particular part of an organism are made 
the subject of inquiry. 

The case of the toes of the ancestors of the horse, from the five- 
toed Eohippus to the one-toed modem horse, the camels, from the 
Poebrotherium of the Miocene to the Pliocene and recent Anch- 
enia, as shown in the bones and in the teeth, are examples. 

A typical illustration is the development of the sutures of the 
tetra branchiate cephalopods. 

It will be remembered that the distinguishing feature of the 
cephalopod shell is its chambers, thus separating it from the 
shell of the gasetropod. The edges of the partitions forming the 
chambers where they meet the external walls of the shell, are 
technically called sutures. In the Nautilian shell, whether ex> 
hibiting a simple elongate<l cone as in Orthoceras, or a curved 
horn as in Gyroceras or Gyrtoceras, or a close coiled shell as in 
Nautilus, the sutures are simple. In other groups of chambered 
shells the suture liin' in wavy, formiu)! lol)en .iiid saildies or vari- 
ously crimped, as in (ionialitesor (!cnitilf>«. 

These suture lines form a regular senuK which both in time of 
initiation and in the pe riod of d ominanoe express a simple law of 
evolution. 
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Every geologist is familiar with the more apparent features of 
the series as seen in the genera Nfhtitilus, Goniatites, Ccratites- 
and Ammonites. 

The various degrees and forms of lobes and saddles are the 
basis of elaborate classifications and systems of names proposed 
by Beyrich, the Sandbergers and others, but up to the present 
time 1 think we have not a published classification which recog- , 
nizes the fundamental law of evolution expressed in the series. 

In analyzing the forms of suture, for my class in the History 
of Organisms, I found the following simple law to exist. 

The various suture lines of the chambered cephalopod shells 
can be distinguished by the differences in degree of complexity 
of the crimping of the edge of the septum. 

Viz: (a) Tn the Orthoceran and Nmitilian type, the edge of the 
septum is straight, or the curving is not enough to produce more 
than a single oscillation of the suture line during its complete 
circumference. 

(b) The Goniatite septum presents a lobed suture, but the edges 
of ail the lobes and saddles are simple. 

(c) In the third type the lobes and saddles arc variously crenu- 
lated. In the Ceratite the crenulation affects the base of the 
lobes, in Htlictites the top of the saddles is crenulated, and in 
MendHcottia the lobes, the saddles and the connecting parts of 
the suture are crenulated. 

(d) In the typical Ammonite, there is a tertiary crimping of 
the suture line, t. e. , each of the archings of the line correspond- 
ing to the crenulations of MendHcottia is again crenulated, form- 
ing a complexly foliate suture. 

(e) In the adult forms of Finacoceraa there is a still further 
elaboration of the crimping, the teitiary archings of the Ammon- 
ite are again crenulated, forming a quaternary stage of corruga- 
tion. 

The series presents a gradual elaboration of the crimping of 
the edge of the septum, forming a suture line, 1st, simple, 2d, 
primarily lobed, 3d, secondarily corrugated or the crenulated 
type^ 4th, tertiarily^ oorrugated or Xh^ foliate type, and 5th, the 
quaternary emwmyations of Pinacoceras. 

In their historical bearings it may be said of this series that, 
1st. It is the order in which the various types make their first 
appearance in the geological series. 
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2d. It is the order in which the seTeral types become domi- 
nant. 

3d. It is the order of elaboration in the ontogenetic growth 
of the individual. 

4th. It is the normal order of physical relation borne by the 
several types to each other; each type is a physical elaboration 
of the next preceding tj'pe. 

The convolutions of the suture arc crimpings of the edge of a 
more or less flat disc — the septum — and these convolutions are 
the simplest mode of adjustment of the edge of such a disc^ 
whose circumference increases more rapidly tnan its radius. 

Assuming this sutural feature to be the only difference in- 
volved in the comparison of the several types, it would be cor- 
rect to state that it would be physically impossible for the Am- 
monites, septum and suture to be formed without passing through 
the stages represented by the Nautilus, Ooniatites and Ceratites. 
In other words the exhaustive analysis of this one element of 
structure of cephalopod shells shows us that the actual historj' 
of the organisms has been exactly that. which a serial classifica- 
tion on the basis of differences of this part would suggest, but 
that no other classification or order of succession could take 
place by natural descent. It is unneccessar}' to speak of the 
value of such series for purely stratigraphical purposes. 

It is but one of a great many such mutations to be discovered 
in the study of comparative paleontology. The general law in- 
volved is this: in a series of genetically related forms in which 
the .later representatives present a character which is but the 
physical elaboration of that found at a much earlier stage, there 
is implied the presence in the intermediate formations of species 
in which the character is in an intermediate stage of develop- 
ment, and of a continuous series connecting the extreme forms. 

I have thus far spoken of the general scope and application of 
<;omparative paleontology. I might cite many cases in which 
particular problems have been settled by the use of these methods, 
and refer to the works of Neumayr, Waagen, Kayser, Barrois, 
Oosselet, Freeh, Tschemeyschew, and others in Europe, to the 
investigations of Hall, Whitfield, Whiteaves, White, Marshy 
Cope, Waloott, Herrick, Hill, Prosser, Keyes, Clarke, and of 
Meek, who was one of the keenest of our earlier paleontologists. 

toKKf extremely Yftlnable special investigations 
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like those of Agassiz on the echiuoids, Hyatt on the cephaloiK>ds 
and those of their followers, Jackson, Beecher and others. But 
at the present time it will be impossible to speak of them, even 
were T able to do them justice. I will, however, l)eg your attention 
to a series of paleontological investigations, with the details of 
which I am more familiar, and the steps of which are more or less 
related to each other, and have, collectively, resulted in throwing 
considerable light upon the geology and geography of the Devonian 
system. As I have already said, the Devonian system was originally 
founded upon purely paleontological evidence. The question as 
to the lower limit of the Devonian in this countr^^ has been a 
purely paleontological problem, and the reason for includiug the 
Oriskany in the Devonian is because the fauna is more closely 
allied to that of the Looe and Cornwall slates, the (redinnien and 
the Coblentzien formations of Europe, than to the Silurian faunas, 
and presents a larger proportion of species which connect it with 
the Comiferous faunas above than with the Helderberg below. 
<See Hall's list of species in 42d Annual Report of New York 
iState Museum.) 

The correction of the **Chemung'' of Iowa and Missouri and 
the adoption of de Verneuil's earlier interpretations of the Car- 
boniferous i^e of the fauna as perpetuated in the Kinderhook 
:^roup, was settled by the evidence of fossils. 

The Hercynian question of Euroi>e was debated on paleontolog- 
ical. not stratigraphical grounds. 

In 1881 the minute study of Sptrifem ffeviM leading to the pre- 
"^iction that the character by which Davidson distinguishe<l the 
iower Devonian Spirifera cur rata from the Carboniferous Spiri- 
era glnhra would be found upon the higher form as well, which 
mfterwards Davidson confirmed, was the first step toward dis- 
tinguishing the fauna of the upper Devonian of eastern America 
^trom the middle Devonian fauna as to its origin. 

The suggestive fact in this case was that this rare American 
upper Devonian spirifer was more closely allied morphologically 
to a common lower and middle European species than to any pre- 
<»ding American form. This thought led to a thorough dissec- 
tion of the Devonian faunas of New York and neighl>oring states. 
The series of successive faunas along a common meridian were 
tabulated and compared. The sections were made imrallel to each 
other and near enough together to make it (xmsible to compare 
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corresponding zones of the several series. By this method the 
law was established that the composition of a fossil fauna changes 
on passing geographically from one place to another. Upon 
tracing single species across these sections it was learned that the 
mutation of the species, not only may be recognized on passing 
vertically upward through a continuous section, but that the more 
direct line of succession was often deflected laterallv so that the 
immediate successor of a particular fauna of one section was 
found not directly above it in the same section, but at a higher 
horizon in a section ten or twenty miles distant. This shifting of 
faunas was taken as actual evidence of migration and was inter- 
preted as the result of oscillations of level. 

The examination of the remarkable fauna of High Point, at the 
southern end of Canandaigua lake (the locality of which was first 
shown me by Mr. J. M. Clarke), furnished me with still further 
clue to the solution of the origin of the faunas. 1 recognized, at 
once, upon seeing it, that it was related to the Iowa Devonian, and 
differed widely from the typical upper Devonian of New York, ia 
the midst of which it lay. 

Further analysis of the fauna led to the discovery that the 
species peculiar to it apparently had their ancestors in the middle 
Devonian of Europe rather than in any middle Devonian of Amer- 
ica. With this stage of progress I examined the fauna peculiar 
to the TuUy limestone. Much confusion had been thrown about 
It by the publication of a large number of species as •'known'* 
Tully fossils. Special search was made in original localities with 
the result of eliminating a large number of reported species which 
were found immediately below the true Tully limestone in the cal- 
careous termination of the Hamilton, where the typical Hamilton 
fauna is very abundant, and the true fauna which 1 described as 
the Cahtndes fauna, was carefully compared with that of every 
locality in the world of which I could find report of its presence. 
The result showed that in eastern America where the Tully ap- 
pears, the fauna of the Cuboides zone begins abruptly, and from 
it upward, all t)i|oagh the upper Devonian, is a fauna closely re- 
lated in its specie^ with the upper Devonian of Europe, Russia, 
Siberia, China and British America, and down as far as Iowa in 
the interioir, tl^e Nevada Devonian also showing close affinities 
with this type qaf ftiniia. 
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But in Europe, where the statistics are abundant and clear, and 
«o far as evidence bore upon the fact, also in Russia, Asia, and 
British America, the Cuboides fauna is the natural successor of 
the middle and lower Devonian of those regions. 

Mr. Whiteaves, in his recent studies of the British American 
Devonian along the McKenzie River valley, adds many points of 
<X)nflrmation of this view, as in some species like StrhigovrphaluH 
Burtini, which had not heretofore been known in America, but 
were characteristic of certain middle Devonian of Europe. 

These purely paleontological investigations had proved, with a 
high degree of certainty, that, relatively speaking, the Tully 
limestone marks a chronological point in the strata which within 
relatively small limits may be said to be chronologically and not 
merely taxonomically the same as the Cuboides zone of Europe 
and Asia, and, second, that the upper Devonian faunas of these 
several regions are more closely allied than the t^'pical upper De- 
vonian fauna of New York is to its typical middle Devonian fauna 
of the same area. 

This is a very important conclusion, and the principle involved 
is of vast importance in further studies of comparative nature. It 
makes necessary the tracing of the geographical distribution of 
species in order to get accurate data for the interpretation of their 
geological succession. 

As confirmation, however, of the al)ove conclusion, there has 
recently appeared a paper by SteinmanandUlrich on the ''Devon- 
ian fossils of Bolivia,' in which we are shown the origin of the 
middle and lower fauna of New York and eastern America. 

By the comparison of the Devonian faunas of Bolivia, the 
Andes, Brazil, Falkland islands and South Africa, Ulrich reaches 
the conclusions as to their natural affinities with each other, and 
with the lower and middle Devonian faunas of eastern North 
America, and as remarkably distinct from the corresponding 
faunas of Europe and northern Asia. 

Not only does the presence of peculiar species link together 
the^e several regions and separate them from the northern set of 
regions, but some of the more characteristic species of the 
southern hemisphere type, as VitnUna and Lcptoctt-h'ti^ are abun- 
dant and common to many localities and of higher range in the 
nK>uthern hemisphere and are rare or confined to lower horizon in 
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the Appalachian Devonian of North America, thus indicating 
their extra- limital range in the latter region. 

In the determination of the genetic affinities of the faunas of 
the southern hemisphere with those of the lower and middle 
Devonian in North America, just as in the tracing of the affinities 
of the TuUy limestone fauna and upper Devonian, it is not the 
identity of species or the majority of species in contrasted regions 
that plays the greatest part, but it is the testimony of the some- 
what isolated forms, whose local distribution is traceable, and 
also by the breaks in successive lines of species which are asso- 
ciated together as races, though the species at each stage or in 
different regions may be described under different names. 

In the study of the Cuboides zone, it was such species as 
Orthh tuUiensIs^ Stritphodimtn macronata Cftr. fulliensisj Rhyn- 
choneUn vnncstuld^ which told the tale, each differing specifically 
from any European species, but belonging to races, which in 
Europe had representative species extending from the Silurian 
through the Devonian into the Carboniferous system, but in the 
Appalachian region lacked representatives in the middle Devon- 
ian, though well represented in the upper Devonian of New 
York, and were represented also throughout the Devonian deposits 
in the Nevada and Iowa areas. The continuance of the Euro- 
pean type above this zone in the Appalachian region was also tes- 
tified to by such species as Sptrt'/fia hwis and Spirtfvra ilis- 
juncfa, Prodnrfas (fiasimih'if of Hall {hallimnis of Walcott), 
Orthis linpnsHiu Rhynchomlhi pugnas and others, which are well 
represented in the fauna above the Cuboides zone, but have no 
forerunners in the Appalachian higher than the lower Helderberg 
(in rare cases seen in the Corniferous), while in the European 
faunas there are connecting species all through the middle De- 
vonian, thus pointing to a change of fauna, not by f'.ttinction of 
the species, but by niiymtimi from one region to another. Just 
as the presence of the bones of Mylodou, May nl onyx,, and the 
tapir in the United States, now extinct in North America, indi- 
cates a former extension of the South American living fauna of 
mammals into this continent. 

It was by a similar method that Dr. Ulrieh traced the historical 
relations of the Hamilton fauna of the Appalachian province in 
eastern North America to the southern hemisphere. In his de- 
scription of the Bolivian fossils collected by professor Steinman, 
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he made comparison not only with the species, but with the 
faunas of Brazil collected by Hartt, Derby and Rathbone, and 
ot South African and Falkland islands' faunas described by Salter 
and Sharpe. The most striking evidence of the affinity of these 
several faunas was derived from the study of three rather abun- 
dant genera of brachiopods ; Leptnn^'Utt, Vitulhuf and Trupido- 
leptns, genera which I would describe as old type genera for this 
Devonian period, /. f\, preserving the form and general charac- 
teristics of the lower Silurian Orthidae and Strophomenidae but 
assuming the later character of calcified brachial supports of the 
T*'rehratii1aH and Spiriferidtv., This is the case for at least the 
first two genera, and Tropldohptm possesses the punctate structure 
characteristic of the Terebratulas. 

Dr. Ulrich observes that Lt^ptocwlla is found in North America, 
particularly in the eastern part, in Bolivia, on the Falkland islands 
and in South Africa, but not a single trace of it has been reported 
from the Devonian deposits of the other regions, Europe, Asia 
and Australia, and that the South African and South American 
species reach larger dimensions than those of North America 
(pp. 62, 6H). 

A point bearing upon the general discussion, which Ulrich did 
not obsen'e, is the fact that this Leptoc(elia fauna extended 
northeastward as far as Quebec, Maine and Acadia, and in this 
region is the terminal marine fauna of the Devonian. There was 
evidently a barrier already separating the European sea from that 
of the Appalachian region, and the connection with the South 
American faunas was by the southwest. This in some measure 
may account for the conspicuous absence of characteristic Euro- 
pean types in the Appalachian Hamilton faunas. 

In regard to the genus Viudina, Dr. Ulrich remarks that it ap- 
pears in America, but is there a rare species in the later Hamil- 
ton, **While" he says, '*it is in South America apparently present 
in each of the hitherto discovered Devonian regions,'' viz.. the 
province of Para in Brazil, as reported by Rathl)in|KTn Uoati 
Island, Titicaca lake, according to Agassiz and Garman, the 
province of SSo Paulo, reported by Derby, (Central Brazil by 
Smith, and in Bolivia, in several localities, by Steinman, South 
Africa, Schenk, (pp. 78, 74.) But it is entirely wanting in 
Europe, Asia and Australia. These facts show the type to be 
peculiarly a southern one, but it may still further be remarked 
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that the Viiulina is in America isolated and above the horizon of 
Leptocaelia^ whereas in the Bolivian region it is not only associated 
-with Leptoc€elia, but is common and appears also in other appar- 
ently higher zones in association with Tropidoleptm^ which later 
in South America is not found associated with Leptoccelia indicat- 
ing that the North American appearance of the type is extra- 
limital and later than its greatest dominance in South America. 

Tropuloleptun shows a different history. It is seen in Europe 
as well as North and South America and Africa, but in North 
America it is associated with a southern origin, for while it is 
particularly a Hamilton species and of the Appalachian province 
chiefly, it runs up into the upper Devonian of eastern New York, 
and is seen above the Cuboides zone. But it is wanting in the 
Mackenzie river basin fauna (Whiteaves, **The Fossils of the Dev. 
Rocks, etc., 1891), which is the Devonian of European- Asia. In 
the European fauna it seems to be confined to a lower horizon, 
the Coblenzien of Eui-ope or the Looe slates, while in America it 
is more characteristic of the higher part of the Hamilton, and in 
Central New York is even a Chemung species. It is reported 
from Illinois and Iowa, but is evidently a rare form in those 
faunas, and in Nevada, where it is in the lower Devonia^n as it is 
in the European faunas. Thus its range in the Devonian deposits 
of the Appalachian region points to its association with the 
southern faunas and migration with them after their general 
separation from the European faunas, w^hose connection with 
North American areas was by way of Asia and across the Pacific 
basin after the close of the Silurian, rather than by any connection 
across the Atlantic basin. 

The other species cited in Ulrich's paper on **Fossilsof Bolivia" 
support the same conclusion that there was a close relationship 
existing between the Devonian faunas of South America and 
south Africa and the fauna in the Appalachian trough, reaching 
as high as the Hamilton formation, and that this general fauna 
was distinct from the European- Asiatic faunas of the same period. 
This differentiation of the lower from the upper Devonian faunas 
occurring in the Appalachian region, and tracing them to centres 
of geographical distribution in opposite hemispheres of the globe, 
throws light upon certain other important geological problems 
concerning the Devonian deposits of North America. 

As wo follow the elaborate series of Devonian formations of 
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New York south west ward across Pennsylvania, Ohio and Ken- 
tucky, we gradually lose the separate members, and black shales 
become conspicuous in their places, and in Tennessee there is but 
a thin black shale to represent this whole interval, and in northern 
Alabama scarcely anything separates the Silurian (in some cases 
lower Silurian), from the Carboniferous resting unconformably or 
eyen conformably upon it. Similar conditions are seen in north- 
ern Arkansas, where, about the Ozark uplift, the erosion of the 
Silurian terrane is such that at the corner of Illinois, Helderberg, 
Oriskany and even traces of Hamilton are left in place, while 
further west, the latest is Helderberg, or Niagara, or Trenton, 
and at extreme points magnesian limestone was the surface rock 
when the black shale was deposited, to be immediately followed 
by t^'pical Carboniferous fossils. 

In Texas we find a similar cutting out of the Devonian, and 
more or less of the upper Silurian and the CarlK)niferous follow- 
ing the interval. 

These facts point to an elevation sufficient to occasion extensive 
erosion toward the southwest, followed by depression, which gave 
occasion for the deposit of the black shale over extensive areas. 
If we are correct in tracing with Ulrich his Bolivian Devonian 
fauna to South Africa and recognizing it in the lower and middle 
Devonian faunas of the Appalachian area of North America, and 
in inferring, as 1 have suggested, that the change in fauna at the 
close of the Hamilton in New York was associated with the ar- 
rival of the Cuboides fauna into the Appalachian region, and thus 
that the upper Devonian is distinctly a European- Asiatic fauna 
and connected with it across the Pacific down the Mackenzie 
region, it is evident that the time of the change of these faunas 
corresponds with the time of the geologic events in the southern 
central part of the United States, above referred to. The eleva- 
tion which occasioned the erosion did not take place till the Ham. 
ilton period, and the depression and deposit of Black shales 
followed the incursion of the new fauna, or was, in part, contem- 
poraneous with it. 

The erosion ceased and the deposition began in the south later 
than in the north, as is indicated by the fuller representations of 
the separate deposits at the north than at the south, also by the 
smaller amount of the deposits, as indicated by the gradually 
thinning black shale on passing from Ohio across Kentucky to 



168 The Am^ican Geologist, September, i892 

Tennessee and Alabama. It was as early as the age of the Oris- 
kany that the separation of the typical southern from the typical 
northern faunas took place, and in the extreme northeastern ex- 
tension of the Appalachian region, the Acadian province of Maine 
and New Brunswick, we observe that this is the highest marine 
fauna reached in the Devonian. 

Elevation evidently shut out access to the sea for this region. 
It is from that time on that the faunas of the Appalachian region 
present their essential relation to the southern hemisphere faunas, 
and show the absence of the typical European fauna. We assume, 
therefore, that a barrier was raised that shut off connection with 
European regions during the lower Devonian. The elevation to 
the south took place somewhere near the close of the Hamilton, 
and the theory we propose is that an elevation such as to divert 
the currents, bringing in first the Guboides fauna from the north- 
west and finally replacing entirely the Hamilton by the Chemung 
as far east as New York is the reasonable explanation of the 
facts. 

The interesting point is that the testimony of the migrating 
fauna chronologically agrees with the testimony of the oscillation, 
as recorded in the deposits. 

All along the southern limits of Devonian exposures in the 
United States there is indication of an oscillation upward and then 
downward between the Hamilton and the beginning of the Car- 
boniferous. 

The succession of faunas in New York indicates a change at 
the close of the Hamilton from a fauna whose closest affinities 
were with the South American faunas, to a fauna whose earlier 
stages were seen in Iowa, Nevada and the Mackenzie river, and 
whose affinities were with the Asiatic and European Devonian. 

In Arkansas and Tennessee the faunas of the Black Shale indi- 
cate that the first marine fauna to appear after the elevation and 
erosion are of an age as late as the Cleveland shale of Ohio, i. e. , 
the very terminal parts of the Devonian or beginning of the Car- 
boniferous. This event, it will be noticed, is associated with 
that general elevation of the continent, beginning in the northeast, 
which is expressed by the cessation of marine faunas, and ter- 
minating in the Coal Measures and the final elevation above the 
surface of the great ma^ of tiie oontinent east of the Mississippi 
river. 
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This illustrates the general law of the close relationship between 
the fossil faunas and their environment. 

Just as the geologist knows how to interpret the fineness or 
coarseness of sediments into relative distances from a shore line, 
so the paleontologist is able to see in the shifting of faunas and 
the comparison of species evidences of elevation or depression of 
the marine bottom, which upon reaching sea level produced often 
the diversion of ocean currents and consequent modification of 
faunas. By the comparison of extinct faunas he learns to recog- 
nize the continuity or the discontinuity of the conditions of en- 
vironment such as mark geographical areas of distribution of 
living animals. The fossil faunas, their modifications and their 
migrations, as indicated by presence, absence, rarity, abundance, 
size, variation, or mutation of their species, are the sensitive evi- 
dences of changing geological conditions upon which the geolo- 
gist must depend for tying together his disconnected facts. 
Fossils have too often been regarded as only marks for distin- 
guishing the diflferent geological formations, but the scope of the 
paleontology of to-day is far wider. The modem conception of 
the evolution of life has made paleontology the science of the 
History of Organisms. And it is because fossils exhibit in mor- 
phological characters the evidence of the ancestry through which 
they have arisen, and of the conditions of environment through 
which they have successfully struggled, that they are of such 
paramount value in all geological investigations in which the ele- 
ments of time Or the order of sequence of events is concerned. 
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8. ft itt uverluin by or resulte from ch«nce in taconyte. 

4. It is at or near the horixoii at which the great gabbro di(«turbance io l>elieved 
to have occurred. 

5. It is associated with much kaolin or stratified sedimentary kaolinic rock. 

6. At the 9ame horixon is an important ore stratum the whole length of the range 
—at least IM) miles in Minnesota. 

7. In the near vicinity of the gabbro invasion the ore is hardened and largely con- 
verted to magnetite. 

8. U exlHts also as an important ore horizon further south, and beneath 480 feet of 
black slates, having been struck by diamond drill. 8imilar facts are reported 
from Mepominee, Mich. 

U. The whole ore l)ed is sometimes an original breccia, and at times some of the 
associated rock strata consist of coarse breccias and of conglomerates. 

10. No theory yet proposed for this ore is wholly acceptable. 

11. If the assignment of the date of the gabbro to this uorizon be fully established, 
it would furnish a cauxa vera for some of the physical features, and would sug- 
gest an intimate relation between the ore and the gabbro. 

Perhaps there is no more important or more interesting question, 
at present debated, relating to the iron ores of the Northwest, than 
that of their origin and their stratigraphic relations. From an eco- 
nomic standpoint, no less than from a scientific, there could lie no 
more important question, for it is not until the geological relations 
and origin of these ores are understood that proper methods of min- 
ing them can be entered upon, and with the least expense. It is 
because of recent studies in the field, adding some new facts to 
the solution of this problem, or complicating it by the injection 
of some new conditions, that the writer desires to review the ele- 
ments of the problem and to show the difficulties that yet lie in 
the way. It will be well to enumerate briefly the hypotheses that 
have been propounded recently, as an introduction to this discus- 
sion. There are five. 

1. Substitution for limiatune. Microscopic examination re- 
vealed the existence of remnants of calcite, or dolomite, in some 
of the **cherts" accompanying these ores in some places, and after 
long research the late professor Irving arrived at the conclusion 
that the whole body of the ore horizon was originally in the form 
of a limestone essentially, a **cherty carbonate," simulating in ori- 
gin and essential characters, the black-band ores of the Carboni- 
ferous. This inferentially led to the idea of a great primordial 
carlx)niferous age. 

2. Suhatitution for carbonate of iron. Owing to the frecjuency 
of such a change observed in nature, it was but a short step to 
suggest a carbonate of iron instead of a carbonate of lime. This 
would more readily supply the iron, which must be explained, 
than carl>onate of lime, and at the same time would only require 
a slight change, if any, in the nature of the original rock, and in 
the conditions of its deposition. 

3. Concentration of iron oxidv from the decay of ferriferous 
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schists, or other rork. \Vhen rocks decay, it makes but little 
difference what they are, they part with their contained iron. 
It may go off in solution, if the proper acids be present, and be 
gathered as oxide under ordinary natural drainage and weather- 
ing, in considerable quantities, on the evaporation of the solvent at 
some lower level. This process has been suggested as the possible 
cause of the accumulation of these ores at the stratigraphic hori- 
znm where thev occur. 

4. Acenmulation in troughs formetl Inj dyhv^ cutting tiJtetf f*trata 
at a somewhat uniform iucUuatinu^ the iron itself being supposed 
to have been carried down and deposited by ferriferous waters, 
replacing a supposed * *cherty carbonate. " This hypothesis in- 
volves the same conditions and processes as No. 1 above, but also 
gives explanation of the location of the supposed ore lenses. At 
the same time it involves the decay and concentration in a definite 
rock horizon which is demanded bv No. 3. 

5. Deposition from oceanic solution at the time of the 
formation of the rocks ossociotcJ. That the iron ores of the 
Keewatin age were deposited from solution, has been inferred from 
their association with rocks whose composition requires the 
cotemporaneous action of eruptive forces — but which are strati- 
fied by oceanic agency — such eruptive action causing chemical re- 
actions that would result in the precipitation of iron and silica. 
This hypothesis has been applied by the writer also to a portion 
of the Mesabi ores, viz. , such as are embraced as somewhat ir- 
regular (wandering) strata in the lower portion of the formation. 
Such may be either hematite or magnetite. It may perhaps be 
extended farther than has been proposed. 

Some facts of the manner of occurrence. 

The Mesabi iron range extends, within the limits of Minnesota, 
a known distance of more than 150 miles, and it is iron-bearing 
through its whole extent. It commences at the w^ost end of 
Gunfiint lake, on the national boundary, and has been partially 
explored southwestwardly as far as the Mississippi river near the 
falls of Pokegama. The iron horizons do not fluctuate in their 
stratigraphic positions. The iron varies as the character of the 
accompanying rock varies. It is a duplex range and embraces 
ores of two distinct origins and kinds. 

The more southerly portion of the range, which is made up of 
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gabbro hills, contains large deposits of titanic magnetite, and 
tliis may be dismissed with the statement that this ore is at present 
not used, and of little economic concern. This discussion apper- 
tains wholly to the more northern belt where the recent remarkable 
developments have been made. This northern belt embraces non- 
titanic magnetite and hematite as well as limonite and goethite, or 
* 'yellow ochre," as it is sometimes denominated by the miners. 
The magnetite thus far discovered is not of economic importance, 
compared with the hematite and goethite, but there are explora- 
tions now being made in some of the magnetites which promise 
to become perhaps equally valuable with the hematites. 

The non-titanic magnetite is found in the eastern portion of 
the range and at a lower horizon in the strata than the hema- 
tites, and when it is represented in considerable amount there is 
little or no hematite in commercial quantities. It is sometimes in 
close association with the gabbro containing titanic magnetite, 
and it is a reasonable hypothesis to refer the magnetic quality to 
the effect of the heated gabbro on the original ore, concentrating 
the iron by the expulsion of some of the oxygen. Still there is a 
trace of magnetic ore further west. It is there found in lean 
iron-bearing rock, and occupies belts of a few inches which pass 
through the rock in a rather peculiar zigzag or wandering fashion. 
But still further west the Pewabic quartzyte, which is the horizon 
which holds the magnetite in the eastern end of the range, is 
again regularly interstratified with magnetite in considerable 
amount, and as such it has been explored for commercial uses. 

Hard hematite is found in the Mesabi range, but it is rather as 
an accidental appendage of the soft hematite, and usually it 
grades into low-grade ore and is discarded. 

Hard limonite is found in larger quantities than hard hematite. 
It is apt to be impure, and it occurs in somewhat the same man- 
ner as the magnetite — i. e. , it branches and permeates a rock bed 
irregularly, though frequently seen in distinct nodules and in 
vugs when it is found to be a valuable ore. 

The hydrated oxide, however, in the form of goethite is quite 
abundant. Some shipping mines will depend largely on this ore. 
The ore is in the form of ochre-yellow powder, or small masses 
easily rednoed to powder. It is found only in the region of the 
recent new developments, in the western portion of the range. 

Soft iMBAtito^ howeWi is the <ne for which the <<Range" will 
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be celebrated. This has recently been discovered in indefinite 
and almost incalculable amounts. It is generally amorphous, but 
in lumps, frequently as if a breccia of some sedimentary rock, 
easily crashed, and it also exists as a granular powder, finer than 
mustard seed, and can be mined by the simplest methods. The 
plans now being entered upon for excavating it only require a 
steam shovel and a railroad train. 

Stratigraphic relations. 
The horizon in which this ore occurs is that which has been 
identified as Taconic, or primordial. The strata have a gentle 
dip toward lake Superior, and a uniform strike from one end of 
the range to the other. The strata are as follows in descending 
order, omitting minor variations. 

1. Black slate with interbedded sheets of eruptive materials 
which are widespread and non-amygdaloidal. 

2. Gabbro out-break. Titanic ore horizon. The line of this 
outbreak is found not to follow the present northern strike of the 
hematite ore horizon, but to encroach upon it, giving hard ores in 
the eastern end of the range, while toward the west its line of 
outbreak turns more southerly, passing the head of lake Superior 
at Duluth, but apparently forming a bed of conglomerate and 
breccia along the ore belt, noted at various places between Gun- 
flint lake and Pokegama falls. 

3. A peculiar siliceous rock, partly jasperoidal, partly of hard 
hematite, or hard limonite, sometimes conglomeritic and brec- 
ciated, cherty, flinty, usually gray, sometimes partly black or 
purple, and, toward the west, kaolinic, toward the east holding 
some magnetite. Altogether this is a non-descript rock, which 
sometimes is fifty feet in thickness, but so far as developed near 
the mines is less than twenty. It is a pretty constant rock and 
when the ore is absent it lies on or varies to the Pewabic quartzyte. 
This is the horizon of the hard hematite, hard limonite and of 
some of the non-titanic magnetite. In some way not yet fully 
determined it is associated with the next. It is not yet certain 
that all the soft ore is derived from a change of this rock to ore, 
bat it is very certain that in some cases this rock is converted to 
ore. It overlies, apparently, the chief ore body of the range, or 
its lower portion is changed to ore. 

4. The chief horizon of soft hematite. The greatest thickness 
ibk )Md:)iM yet been found to exhibit is 105 feet. In the midst 
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of this ore are found sometimes irregular masses of rock like No. 
8, as if remnants of that stratum not yet converted to ore, while 
some strata of soft ore are found also in the midst of No. 3. 
Not enough working has been done yet to reveal all the relations 
of the ore to No. 3. 

5. Pewabic quartzyte. In the near vicinity of the gabbro foci 
this is remarkably modified. Originally probably a chemical 
oceanic precipitate in its upper portion it is consolidated to a vit- 
reous quartzyte, but at more distant points it is composed of dis- 
tinct rounded grains. The upper portion is in the form of chaU 
cedonic silica (so-called), a phase which extends westward, with 
modifications, so far as observed, at least to town 60-13. On 
the other hand this quartzyte becomes less siliceous, having a 
feldspathic element, and even an olivinitic constituent, and some- 
times large hornblende crystals embrace the quartz grains in a 
common matrix. When olivinitic it is also magnetitic and con- 
stitutes an important iron ore. In some places farther west, near 
the Mississippi river, is a quartzyte which is evidently the same, 
regularly interbedded with magnetite in thin alternations. 

(). Conglomerate. This is simply the base of the quartzyte, 
and takes on the character of the older underlj'ing rock. When 
it lies on the greenstones its cementing matrix is green, when on 
the granite it is more siliceous and lighter. 

Northward from the strike of these strata extends the Archaean 
complex, embracing the rocks and ores of the Vermilion range 
and the foregoing beds lie unconformably on the upturned 
e<lges of the older rocks where the two formations come into 
contact. But, wherever the highland spurs of the older rocks 
extend further southward, the primordial strata sweep about 
their bases, dipping in opposite directions on opposite sides 
of the spurs. They occupy no constant level, which might be 
considered an oceanic shore line, but thev seem to exist where 
erosive agents have not been able to remove them. Hence they 
may have extended formerly much further north. It happens, 
however, that a range of granitic hills, the Giant's range, occurs 
but a short distance to the north, and sometimes the strike of the 
Taconic is coincident for some miles with the southern base of 
this range. In other places a belt of * 'greenstone,*' which, how- 
ever, is itself nilher n)ugh and rises nearly as high as the granite 
bills, intervenes l)etween the Taconic and the granite. 

It Is evident that the present surface contour is but a poor 
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guide to the stratigraphist in attempting to determine the relative 
ages of the^e terranes, for the surface must have suffered a pro- 
foun<l degradation. The gabbro rock, whicli is by all conceded 
to be an irruptive rock, shows no sign of ever having outflowed 
at the surface of the earth. It is not bedded by amygdaloidal 
partings, nor has it, so far as known, any variable texture due to 
contacting with other older rocks. Yet it comes into contact 
with various older terranes, having crowded backward upon them 
while yet confined within the crust of the earth, without reaching 
the surface. It has l)een seen overlying the Pewabic quartzyte, 
the Keewatin greenstone and the granitic rocks of the Giant's 
ninge, but maintaining everywhere a coarse and crystalline texture. 
It .seems as if the irruptive movement must have been ver}' slow, 
and that it progressed not forcibly, but as rapidly as the heating 
of the adjacent rocks rendered them more flexible. Subsec^uent 
to the molten invasion the surface degradation took place reveal- 
ing the deep-seated contacts which we see. It has been the 
writers opinion that this event of the irruption of the gabbro 
took place immediately after the deposition of the Pewabic 
quartzyte, based on the interbedding of that quartzyte with a 
rock resembling the gabbro, and on the observed immediate over- 
lie of the gabbro on an extensive area of the (juartzyte. This 
ol)Berved overlie, however, loses its importance when it is learned 
that the gabbro also overlies the Keewatin and the crystalline 
granite of the Giant*8 range, and the date of the disturbance will 
have to remain, as heretofore, not definitely established. 

In further considering, however, the Mesabi iron ore, certain 
problematic diflSculties appear in the way of accepting any of the 
proposed theories for the origin of the ore. These may be 
enumerated : 

1 . There is no limestone known in the region, which could be 
considered the parent rock giving rise to this ore by a process of 
substitution, nor has there been any struck by any of the diamond 
drills that have recently been driven through the ore horizon. 

2. There is no known horizon of spathic iron which can be con- 
sidered to have been converted to oxide. 

8. There is no dissemination of carbonate of lime in the form 
of calcite, such as to indicate that the ore may have resulted from 
a substitution of iron for lime. The sparse mingling of minute 
fragments of calcite crystals, in microscopic sizes, with the silica 
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of the chert, in some of the less ferruginous parts of the forma< 
tion, is hardly sufficient to account for such a vast deposit of iron 
ore. It seems like trifling with the problem to appeal to such a 
cause for the ore. 

4. As to concentration by decay of ferruginous schists — the 
process seems to have been the reverse, viz. , from the ore has 
been diffused iron oxide through non- ferruginous schists, so that 
for several feet from the ore the surrounding rock is stained a ver- 
milion or brownish red. This has not only affected some of the 
green schists, but also some of the underlying quartzyte. And 
again, on the theory of ferruginous concentration from schists, or 
from any rock, it is necessary to explain the singular fact — singu- 
lar under that hypothesis — of the occurrence of the ore always at 
the same stratigraphic horizon in the same formation. Why 
should not this ore accumulate, at least sporadically, at some 
lower or slightl}' higher stratigraphic horizon? Here we find it, 
for 150 miles, maintaining its position in the series as constantly 
as any of the beds that are associated with it. 

5. The absence of dykes of irruptive rock. These have been 
supposed to have played an important role in the concentration of 
the hematites of the Penokee range, on the south side of lake 
Superior. Yet, on the north side but one such dyke has been 
discovered, and that is in the eastern extension of the iron range 
where, notwithstanding a year's costly exploration in the vicinity, 
no hematite has yet been found in commercial quantities. At the 
western end of the range, where the recent discoveries have been 
made, not a single dyke has been discovered. Further, the strata 
that enclose the ore are not impervious, and could not form 
troughs, by any combination of dyke and dip, but the underlying 
rock is a loose white sandstone. It has sometimes become deeply 
stained by the downward percolation of surface waters carrying 
the ore mechanically amongst its rounded grains. 

6. There is an apparent extensive change in the rock of the coun- 
try. The details of this change cannot be given here. As one 
stands at the brink of one of the excavations and sees distinctly 
a sweep of plainly originall}' sedimentary layers, across the face 
of the cut, manifesting all the usual characters of sedimentation, 
and reflects that the strata which he now beholds consist of bes- 
semer hematite, slightly brecciated, soft, easily mashed, he is 
driven to one of two oonolnsions — either, first, that the ore was 
deposited «9jkgM|tfi|MMM|i||ji&^ or second, 




' Problems of Memhi Iron Ore. — Winchell, 177 

that It IS the result of some grand substitution process by which 
hematite has been made to take the place of the original sedi- 
ments. There are besides numerous minor evidences of some 
transition in the rock from its original composition to hematite, viz. : 

(a) Sometimes a gradual encroachment of a hematitic colora- 
tion from the outer portions of a block, or layer, upon a gray or 
blue central area. 

(b) Sudden cessation of a band of hematitic coloration at a 
fissure which evidently the waters producing the coloration could 
not pass, and the passage of the same waters, as shown by the 
narrow streak of hematite in the fissure, down the fissure away 
from the band before affected, leaving' that portion on the 
other side of the fissure unstained — ^while at the same time the 
sedimentary banding of the whole rock sweeps unimpaired across 
the whole face, from one side of the fissure to the other. 

(c) There are larger areas where, as revealed by some of the 
shallow shafts on the western end of the Mesabi range, there is 
an abrupt change, horizontally, from rock to ore, the separating 
4ine being distinct for a perpendicular distance of at least two 
:feet. In other places in the same shaft the ore and rock encroach 
irregularly upon each other. In these cases the ore is soft red 
hematite. If the process of substitution were now going on it 
would be reasonable to expect the oxide would be hydrated, es- 
pecially as such transition is within a few feet of the surface and 
easily accessible by atmospheric waters. 

(d) Not only is the rock changed in situ, but as breccias and 
gravels large deposits are found in which the pebbles, rounded as 
in a river current, or on an ocean beach, are converted to hema- 
tite. Such pebbles were rounded while still rock, and were sub- 
sequently converted to hematite. This is evinced by the varjing 
texture, and concentric structure which change somewhat regu- 
larly from the surface to the centre, the outer crust being dense 
and the central portions being vesicular. Whether such pebbles 
appertain to the rocky strata, or are of the age of the drift, has 
not as yet been determined. . 

Some necessary postulates. 
Notwithstanding it seems inadmissable to adopt any theory 
proposed thitherto for the origin of this ore, and that we are not 
qualified to propose a new one, there arc some important facts 
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whieL must be taken into account wben the true explanation is 
discovered. These facts, whioli are based on observations made 
partly during the present season, may be set down severally as 
poatulatcs on which some satisfactory theory may possibly be. in 
part, built at some future time. 

1, The ore has adeflnite position in the stratification. 

'2. It is underlain by a porous qunrtzyte. 

3. It is overlain by, or results from a change in a peculiar rock 
to which we have given the name taconite. [To he described fully 
at a later date]. 

4. The whole ore bed is sometimes a breccia ot some sedimen- 
tary rock, lying loose, and sometimes compact brecciated or even 
conglomeritic phases are common. Rarely a pebbly ore is fonnd. 

5. It is associated with much haolinic. but water -strati tied rock, 
and often the white kaolin, though embraced in the ore. is un- 
8taine<l by it. 

li. It occurs at the same horizon the whole length of the Mesabi 

7. Wben the gabbro ot the Mesabi range is adjacent this ore is 
found to be hanl — either hematite or magnetite, hut it is never 
affected by titanic acid — though it is by sulphur under soch cir- 
cumstances. 

8. Apparently it runs southward with the dip of the formation, 
and by boring it is found nndera large thickness of black slate 
ainut a mile south of the line of strike. 

9. The horizon of the ore is the same that has been assigned 
by the writer to the date of the distnrbance of the gabbro flood 
But as that assignment is not sufficiently established it cannot be 
said that the ore has any relation of cause and effect to the gabbro. 

There are but two items in the conclusion to which we are driven: 
Firai. The Mesabi ore is not satisfactorily expUiined by any 
theory that bus yet been propose<l for it, or for its equivalent 
(Gogebic) ore on the sijutb aide of, the great lake. There are 
some facts that favor ail of the theories that have been proposed, 
but they meet with opiwsing facts of greater import. 

SrroHif. There is l»ut one known i'!iust.' iicling with sufHcient 
force and on a geographic area ftnllk-iinily wide, to which we 
can appeal for the geographic and striitii;;rnphic riistrilnttion o 
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this ore — and that is oceanic neiHm en latin h. That there has bt^en 
a profound change in the sediments since their origination is quite 
evident; but whether this change took place, in whole or in part, 
prior to consolidation or after it, is as yet unknown ; and if after 
consolidation it is equally unknown whether it was accomplished in 
Taconic or in Recent time. There seems to have been something 
peculiar either in the nature of the sediments of this horizon or 
in the influences to which they have been subjected, and this 
peculiarity is expressed on both sides of the lake Superior basin. 



EDITOKIAL COMMENT. 



The United States Geological Survey. 

The phenomenal development of the U. S. Geological Survey 
has received its first serious check. Congress refused to vote the 
amount of money asked for by the director for its support during 
the current year, granting only al>out fort}' per cent. It became 
necessary at once to dismiss many of the employes, and even to 
abolish, or close temix)rarily, some of the lines of research on 
which the Survey was engaged. The annual cost of the survey ' 
has been for several years, between six and eight hundred thou- 
sand dollars, and the men who have been in commission or con- 
stant employ, have l>een about one hundred and fifty, not 
including laborers. 

We do not conceive that this check is indicative of anv desire 
on the part of Congress to put an end to the Geological Survey, 
although it is well known that a few Icgislatora would welcome 
that result. We do not even suppose that Congress desired to 
injure the survey, or to impede it in the construction of the great 
geological map of the United States. In the hurry of the action 
taken by Congress in the closing hours of a long session, it is 
impossible to know what motives actuated the individual con. 
gressman, and it was manifestly impossible to express any form- 
ulated criticism or to enact any general plan for the future of the 
survey. The only feasible step was to reduce the annual fund 
and instruct a committee to report on the survey at its next ses- 
sion. The action taken by congress will be construed by some, 
and Specially by those who are affected by it officially, as a 
calamity to geological science. In .some respects it will affect 
American geology unfavorably, but it is not by any means certain 
that true geological science will in the end l>e retarded b>* it. The 
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survey may be curtailed in scope, but at the same time it may be 
given directness and individuality which will carry it triumphantly 
through future years to an end that will be ^'simple and entire." 
Unfortunately, the United States Geological Survey never had 
any other organic act, nor any other duty assigned it more defi- 
nitely than to < 'construct a geological map of the United States. " 
It was left practically to the judgment of the director, who offi- 
cially reports to the Secretary of the Interior, although he is in no 
sense subject to his direction, to give significance and scope to 
that simple clause. It is manifest that there was open a wide 
door for difference of opinion, and for the expansion of the work 
of constructing a map^ so as to include inquiries into the history 
and philosophy of geology, the physics of mountain structure, 
the causes of earthquakes, the laws of solids and fluids, the eco- 
nomic statistics of the rocks to be mapped, the description of the 
fossil contents, the microscopic delineation of the internal struc- 
tures and the chemical characters of the minerals in the strata 
concerned. All this, if entered upon, would require a large librarj* 
and numerous laboratories. It would mean the establishment of 
a scientific bureau which in its original research would be limited 
in its ultimate scope only by the bounds of human knowledge and 
the appropriations of money which Congress might grant. It is 
quite possible that the zeal of the director for American science in 
general has led him to take some such a view of the proper dut}' 
of the survey, and that under the head of geology he has been 
induced to include, practically, all that it covers theoretically, 
and has not sufficient warrant for it in the law ordering the con- 
struction of a geological map of the United States. However 
desirable such a bureau might be, whether as an agent for the ad. 
vancement of American science, or as a guide to other bureaus or 
to the state governments, in carrying forward allied investigations, 
it is open to doubt whether Congress intended to organize one 
when it created the geological survej- . In the uncertainty which 
must exist on that point, it is plain that any parties or institu- 
tions which might become aggrieved, whether through fancied or 
actual wrong, or who might suppose their prerogatives were being 
usurped by the geological bureau, would not fail to point out the 
necessity of some change, and that their united voices, becoming 
voluminous, should finally find expression in adverse action by 
Congress. 

There are various minor causes that might be appealed to, to 
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explain the refusal of Congress to continue the survey on its pres- 
ent basis. Personal controversies, scientific jealousies, internal 
dissensions, however cloaked under social and oflScial etiquette, 
local and state antagonisms, and the scientific ostracism which 
some have imputed to the survey against those who have criti- 
cised it and its work, these may have been, in some instances, 
the mainsprings which prompted individual opinion and advice, 
but we think we have compassed the whole opposition, so far as 
Congress could take cognizance of it, when we attribute the action 
to the conviction on the part of Congress that the survey had been 
expanded without warrant, so as to include much costly, original 
research which the law of the sun^ey does not authorize. 

If, in the future, the work of the survey can be confined to a 
more limited field, so that the geological map may be constructed 
as rapidly as is consistent with thoroughness, and so that the 
science of geology may be relieved, financially, from the entangle- 
ments of other natural science, unless they be bound to it by stat- 
utory definition, we believe the progress of science in America will 
not be impeded by the adverse action of Congress ; but that, on 
the contrary, numerous efiScient laborers will spring up where now 
there is little encouragement for local effort, and these allied in. 
vestigations, relegated to independent institutions, scattered in 
all parts of the United States, will be carried on successfully and 
with a certain local pride, while the science of geology itself will 
pursue an unobstructed line of progress. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



Two MonJUina coal fields. By Walter Harvey Weed, Bulletin, G. 
8. A., vol. ill, pp. 801-880, with 13 figures in the text; June 28, 1892. The 
Great Falls coal field, belonging to the Kootanie formation, of Lower 
Cretaceous age, is found to occupy a width of a few miles adjoining the 
northeast base of the easternmost range of the Rocky Mountains, and to 
extend from the sources of the Judith river in central Montana north- 
westerly at least 125 miles, and probably onward across the international 
boundary. Its thickest known coal seam is mined at Sand Coulee, 
twelve miles south of Great Falls, having a thickness of 8J^ to 7 feet of 
excellent fuel coal. The Eootanie or Great Falls formation of sand- 
stones and shales, with gentle dips, reposes unconformably on the Car- 
boniferous rocks which form the foot-hills, succeeded westward in the 
mountain ranges by steeply upturned and folded strata ranging in age 
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as determined by fossils, from Carboniferous to Cambrian. Above the 
Kootanie beds, whose identification here by their flora was first an- 
nounced by Newberry five years ago, the next recognizable formation is 
the Ft. Benton, the intervening Dal^ota formation not being apparently 
represented The Kootanie flora has many species in common with the 
Potomac formation. 

A smaller coal field, allied by its fossil plants to the Ft. Union beds 
overlying the true Laramie, is mined at Red Lodge, situated near the 
south line of Montana on the Rocky fork, tributary to Clarke's fork and 
the Yellowstone. In this vicinity nineteen coal seams have been ex- 
amined; and six of them, which have been worked near Red Lodge, 
vary in thickness from 5 to 18 feet. The strata dip about 15^ southward, 
terminating at the fault line that runs along the northern base of the 
Beartooth range which, though unexplored, is known to be glacier- 
crowned and is believed to include the highest peaks in Montana. 

Nummary Report of the Geological Surwy of Canada for the year 1891 
Alfued R. C. Sblwyn, Director. Department of the interior, Ottawa. 
60 pages; price 5 cents. Among the many fields of work by this survey, 
all of which are here described, with concise statements of their princi- 
pal results, the observations of most economic importance relate to a 
very rich coal field of the Kootanie formation in the southeast edge of 
British Columbia, about 200 miles northwest from Great Falls, Montana. 
Between the eastern summit of the Crow's Xest pass, which crosses the 
most eastern ranges of the Rocky Mountain belt, and the valley of the 
£lk river at the mouth of Coal creek, which flows westward from this 
pass. Dr. Selwyn estimates an area of not less than 144 square miles, 
containing about 50,000,000 tons of coal in each square mile, of which 
probably half on an average is available for mining. Twenty coal seams 
were examined in the Crow's Xest pass and westward, showing a total 
thickness of 182 feet of coal. TKree of these seams are respectively 80, 
20, and 15 feet thick. On the eastern side of the Elk river about seven 
miles below Coal creek, the series has twelve coal seams, three of which 
are each about 80 feet thick, with an aggregate of 148 feet. 

Esmyo EsiadtMo del Estado de Jalisco^ por Mabiamo Barcbno, Direc- 
tor del Observatorio Meteorologico Central. (Annales del Minlsterode 
Fomento de la Republica de Mexico, Mexico, 1891. 8vo, pp. 729 ) 

Few, if any of the United States, possess such an excellent official 
and comprehensive description of their resources as professor Barceno 
has presented in this admirable monograph on Jalisco, one of the western 
central states of the republic. The neatly printed volume is divided 
into nine parts, treating of the geography, orography, geology, hydro- 
graphy, climatology, flora, agricultur^ horticulture, and the acclimatiza- 
tion of plants introduced into the state. 

Paleozoic Formations in SoutJieastern Minnesota. By C. W. Hall and F. 
W. Sahdeson. Bulletin, G. S. A., Vol. in, pp. 331-868, with three plates, 
and seven figures In the text; .lune 23, 1892. The maximum total thick- 
ness of the Paleozoic strata in this district is about 2,400 feet, their 
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western limit being a line drawn from north to south not far west of 
Minneapolis and Mankato. The formations classed as Upper Cambrian 
attain a thickness of nearly 2,000 feet, while the Lower Silurian 
measures only about 450 feet. No Upper Silurian rocks are found; but 
a few feet of early Devonian beds occur in the south edge of the state. 
The Trenton and Galena limestones and shales are subdivided into ten 
beds, distinguished partly by lithologic but chiefly by paleontologlc 
characters. Lists of the fossils observed in each of these beds, add in 
the other formations below and above the Trenton series, are noted. The 
authors extend the Cambrian upward to include the Lower Magnesian 
or Shakopee limestone, which is regarded by Walcott as the base of the 
Siluriap. 

Otology of t?i6 TaylorviUe Region of CaXifomia. By J. S. DiiiLER» 
Bulletin, G. S. A., Vol. iii, pp. 869-894, with nine figures of sections in 
the text; July 15, 1892. The area here described is about twelve milea 
long and six miles wide, lying in the northern part of the Sierra Nevada 
mountain belt, immediately north of the fortieth parallel. Mt. Jura,, 
near the center of this area, is so named because of its fossiliferoua 
Jurassic rocks. The exposed sedimentary series has a total thickness of 
24,500 feet; of which 17,500 feet are probably Paleozoic, and 7,000 feet 
are Mesozoic strata. The latter comprise at least three formations in 
the Trias, and five in the Jura, definitely recognized by fossils. Erup- 
tive rocks are also present in great variety, their epochs of extravasa- 
tion being successively early Paleozoic, Triassic, at the close of the 
Jurassic, and finally Neocene and Pleistocene. The region was covered 
by the sea during most of its history, until the end of the Jura period,, 
when a great upheaval formed land along the present Sierra Nevada belt 

Jura and Trias <U TaylorviUe, California, By Alphrus Hyatt. Bul- 
letin, G. 8. A., Vol. Ill, pp. 395-412; Ji*y 15, 1892. Professor Hyatt in 
this paper gives preliminary descriptions and discussion of the rich 
faunas, of early and middle Mesozoic age, which have been collected in 
the strata of Mt. Jura and other parts of the area described by Mr. Dil- 
ler in the preceding paper. The Jurassic formations, in ascending- 
order, are the Hargrave sandstone, referred to the Upper Lias of Europe;: 
the Thompson limestone and Mormon sandstone regarded as equivalent 
with the inferior Oolite; and the Bicknell sandstone and Hinchman tuff,, 
respectively representing the Callovian and Corallian faunas of the 
European Upper Jura or Malm. The Jurassic system is more fully 
recognizable here than in any other known locality in the United States. 

T?ie Geological Map of the United States, and the United States Geological 
Survey, Julus Marcou. Cambridge, Mass. April, 1892. 8vo, pp. 56» 

This is a caustic review and criticism of the United States Geological 
Survey, its organization, work, personnel, and its relations to the pro- 
gress of geology in America. Mr. Marcou's style of direct and severe 
criticism is a marked characteristic of this pamphlet, and his well-known 
fearless manner of exposing what he is convinced is wrong, is apparent 
in every line. His life has been spent as an "independent geologist^'^ 
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and very often his independence has been asserted at cost of his personal, 
advantage. 

Mr. Marcou has radical and sometimes impractical views touching the 
U. S. Geological Survey, but some of his strictures have a basis of just 
criticism. He thinks the survey has been too costly, especially in pub- 
lication, and spread over too wide a iield. He would have the field-work 
wholly completed in a district before the geologists publish any of 
the results, and he would have all reports confined strictly to descriptive 
facts, without entering into controversy. Precipitate publication en- 
tails contradiction and correction, and he would have the work of the 
survey above possible correction. He questions the capability and 
sometimes the candor of many of the leading collaborators on the survey, 
and would have every employe who may be responsible for any geolog- 
ical work, well informed on the geology of the original typical Euro- 
pean localities ; and when such cannot be found in America, he would 
have European geologists employed, or would send American geologists 
to Europe to stu-ly for several months the rocks and fossils which first 
gave name and character to the formations which the separate geologists 
may be entrusted with in the United States. 

This document was freely distributed at Washington, and it was one 
of the factors to produce the late unfavorable action of congress in re- 
fusing the customary appropriation for the survey. 



LIST OF RECENT PUBLICATION'S. 



/. State and Oovernment Reports, 

Geol. Surv. of Penn. The Summary Final Report, Vol. 1, describing 
the Laurentian, Huronian, Cambrian and Lower Silurian formations, 
pp. 719. Harrisburg, 1892. Atlas: Southern Anthracite Field: Parts 
IV B, v and vi, 1891. 

Geol. Surv. of N. J. Annual report of the State Geologist for 1891, 
pp. 270. Trenton, 1892. 

Geol. Surv. of Ala. Bulletin No. 2. On the Phosphates and Marls of 
Alabama, by E. A. Smith, State Geologist, pp. 82. Montgomery, 1892. 

Ken. Geol. Surv. Report on the Progress of the Survey for 1890 and 
1891, by John R. Proctor, pp. 26 with map. Frankfort, 1892. 

U. S. Geol. Surv. Monographs, Vol. xvii. The Flora of the Dakota 
Group, by Leo Lesquereux, pp. 400. Washington, 1892. 4to. 

Eighth Annual Report of the State Geologist of N. Y. for 1888 con- 
tains: A classified list of the Palaeozoic genera of Brachiopoda, by J. 
M. Clarke. A list of fossils in the Oriskany sandstone of Maryland, New 
York and Ontario, Canada, with an indication of their geological range, 
by Charles Schuchert; The Genus Bronteus in the Chemung rocks of 
New York, by James Hall; A list of the species constituting the known 
fauna and flora of the Marcellus epoch in New York state, by J. M. 
Clarke ; The Ilercynian Question, by J. M. Clarke; On the locality of 
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flint implements in Wyoming county, N. Y., by I. P. Bishop; A cata- 
logue of the specimens arranged by Prof. E. Emmons, as representatives 
of the Taconlc System. 

Ninth Ann. Rep. of the State Geologist of N. Y. for 1889 contains: A 
notice by Prof. Hall of the slow publication of his palseontological 
work; On Syringothyris, Winchell, and its American species, by Chas. 
Schuchert; List of species of the American Palaeozoic Orthis, Spirifera, 
Spirlferlna, and Syringothyris, by Chas. Schuchert; New For;iis of 
Dictyospongidtc from the roclcs of the Chemung group, by James Hall. 

Tenth Annual Report of the State Geologist of N. Y. for 1890 contains; 
The genera of the Palaeozoic Brachiopoda; Preliminary notice of a new 
Genus among the Brachiopoda, by James Hall; Quaternary Geolog}*^ of 
the Hudson River valley, by Heinrich Ries, and the following by J. M. 
Clarke which were reviewed in the Geologist for March, 1892: Notes 
on the Genus Acldaspls, Note on Coronura Aspectans, Conrad (sp.), 
Observations on the Terataspls Grandls, Hall. 

N, Y. St. Museum. Forty-third Annual Report of the Regents for 

1889, pp. 306. Albany, 1890. 

N. Y. St. Museum. Forty- fourth Annual Report of the Regents for 

1890, pp. 404. Albany, 1892. 

Geol. Surv. of N. Y. Paltcontology: Vol. vrii. The Genera of Paloeo- 
zolc Brachiopoda, by James Hall, assisted by J. M. Clarke, pp. 867 with 
42 plates. 

Geol. Surv. of Tex. Bui. No. 2 The Soils and Waters of the Upper 
Rio Grande and Pecos valleys, by H. H. Harrington, pp. 26, Austin, 1890. 

Geol. Surv. of Tex. Bui. No. 8. Reconnoissaoce of the Guadaloupe 
mountains, by R. S. Tarr, pp. 42, Austin, 1892. 

Geol. Surv. of Tex. Second Report of Progress, by E. T. Dumble for 

1891, pp. 91. Austin, 1892. 

Geol. Surv. of Ala. Bui. No 8. The lower Gold Belt of Alabama, by 
Wm. B. Phillips, pp. 97> with map. Montgomery, 1892. 

Geol. and Nat. Hist. Surv. of Can. Contributions to Canadian 
Palaeontology. Part iv, by Dr. D. RUst, pp. 10, with 3 plates. 

U. S. Nat. Mob. Handbook for the Dept. of Geology. Part i. 
Geognosy. — The Materials of the Earth's Crust, by Geo. P. MerrlU, pp. 
88, with 2 plates. Washlm^ton, 1892. 

Geol. Surv. of Ark. Ann. Rep. for 1890. Vol. iii. Whetstones and 
the Novaculites of Arkansas, by L. S. Griswold, pp. 443, Illustrated. 
Little Rock, 1892. 

//. Proceedings of Scientific Societies. 

Bui. Phil. Soc. of Washington, Vol. xi, contains : On Some of the 
Greater Problems of Physical Geology, by C. E. Dutton ; On the Crys- 
tallization of Igneous Rocks, by J. P. Iddings ; The Mineral Composi- 
tion and Geological Occurrence of Certain Igneous Rocks in the Yellow- 
stone National Park, by J. P. Iddings ; On Certain Peculiar Structural 
Features in the Foot-Hili Region of the Rocky Mts. near Denver, Colo., 
by G. H. Eldridge; Constitution and Origin of Spherulltes in Acid 
Eruptive Rocks, by Whitman Cross ; Mohawk Lake Beds, by H. W. 
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Turner ; and Spherulitic Crystallization, by J. P. Iddings, which was re- 
viewed in the Geologist for Dec, 1891. 

Trans. N. Y. Acad. Scl., Vol. xi, Nos. 8, 4, 5 ; Dec, Jan., Feb., 1891-92. 

Bui. Am. Geog. 8oc., Vol. xxiv, No. 2, June, 1892. 

Bui. Geol. Soc Am.. Vol. iii — Parts issued :— Palaeozoic Formations of 
southeastern Minnesota, by C. W. Hall and F. W. Sardeson ; Geology of 
the Taylorville Region of California, by J. S. Diller ; Jura and Trias at 
Taylorville, Cal., by Alpheus Hyatt ; Stratigraphy and Succession of the 
Rocks of the Sierra Nevada, of California, by James £. Mills. 

Proc Am. Acad. Arts & Sci., N. S., Vol. xviii, contains : The Pre-his- 
toric and Kiowa Co. Pallasites, by O. W. Huntington. 

///. Papers in Scientific Journal, 

Geol. Mag., July No,, contains : On the Devonian Rocks of S. Devon, 
by A. R. Hunt (Part ii) ; Notes on the Coniston Limestone, by J. G. 
Gk>odchild ; Formation of the Boulder-clay, by G. W. Bulman ; Glacial 
Geology, by T. Mellard Reade ; A Sand Pit at Hill Morton, near Rugby, 
by P. B. Brodie. 

Aug, No. contains : On the American Palaeozoic Gasteropod Trematon- 
otu8, by R. B. Newton ; The Devonian Rocks of S. Devon, by A. R. 
Hunt (Part in) ; An Irish Augltlte, by Bernard Hobson ; Cnder-clays, A 
Preliminary Study, by G. W. Bulman ; The Black Limestone of Malta, 
by J. H. Cooke ; On Terebratulina Buhstriata, by J. F. Walker ; Geology 
of the Lizard District, by A. Somervail. 

Am. Jour. Sci , Aug. No., contains : Gold Deposit at Pine Hill, Cal , by 
W. Lindgren ; Great Shearzone near Avalanche lake in the Adiron- 
dacks, by J. F. Kemp ; Development of the Brachiopoda (Part ii), by C. 
E. Beecher ; Preliminary note of a new Meteorite from Kenton Co., 
Ken., by H. L. Preston ; Additional Observations on the Jura-Trias trap 
of the New Haven Region, by J. D. Dana ; Notes on Mesozoic Verte- 
brate FoEsils, by O. C. Marsh. 

School of Mines Quart., July No., contains : Methods of Modem 
Petrography, by L. M. Luquer. 

Kansas University Quarterly, Vol. i. No. 1, July No.^ contains : Kansas 
Pterodactyls (Part i), by S. W. Willlston ; Kansas Mosasaurs (Part i), by 
S. W. Willlston and E. C. Case. 

IV, Excerpts and Individual Publications. 

On the Occurrence of Artesian and other Underground Waters in 
Texas, eastern New Mexico, and Indian Territory, by Robt. T. HllL 
pp. 166. From Rep. Dept. Agr., Washington, 1892. 

On the Sponge remains in the Lower Tertiary Strata, near Oamaru, 
Otago, New Zealand, by G. J. Hinde and W. M. Holmes, pp. 86, with 
plates. From Linnean Soc. Jour., Vol. xxiv, London, 1892. 

The Thickness of the Devonian and Silurian Rocks of western New 

York; approximately along the line of the Genesee river, by Chas. S. 

Prosser. pp. 55, with map. From Proc Rochester Acad. Sci., Vol. 2^ 

Rochester, 1892. 

V. Foreign Publications. 

Annual report of Dept. of Mines and Agriculture, New South Wales, 
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for 1891, 4to, pp. 822, with cuts and maps. Mainly devoted to 
Economics and Statistics. Sydney, 1892. 

The Physical Geology of Magnetic island, by A. Gibb Maitland, pp. 8. 
4to., with two maps and sections. Brisbane, Queensland. 

Bui. Soc. Imp. des Natur. de Moscow, No. 4, 1891, contains: Argiles 
de Speeton et leurs tgquivalents, par A. Pavlow et G. W. Lamplugh. 

Verhand. Huss.-Kaiser. Mineral. Gesell. St. Petersburg. 2d Series. 
Vol. XXVIII contains: Symmetrie der Figuren regelmftssiger Systeme 
von E. Fedorow ; Veber die Paramorphosen des Rutils nach Anatas ; 
Ueber die Gattung Stenopora Lonsdale und eine neue Art Stenopora 
Lahuseni, von G. Romanowsky; Petrographische Notizen, von M. 
Melnikow; Eatalog der Meteoriten-Sammlung, von J. Simaschko; 
Geologishe Untersuchungen in dem Guberlinsk-Gebirge (vorlftuflger 
Bericht) von F. Lewinson-Lessing; Ueber Pterlchtys, von Dr. J. Victor 
Rohon; Eulibioit petrographische Skizze, von M. Melnikow; Eurze 
Skizze des geologischen Baues des transcaspischen Gebietes, von J. 
Mushketow; Astrachanit (B15dit, Simony it) aus den Salzseen im 
Astrachanschen Gouvemement, von P. Jeremejew. 

Archiv des Vereins der Freunde der Natur. Mecklenburg. II Abtheil., 
1891, contains: Silur-Cephalopodeu der Diluvialgescbiebe, von H, 
RQdigi»r; Foraminiferen und Ostracoden aus der Ereide von Moltzow. 
von G. Schacko; Sedimenfttrgeschiebe von Neubrandenburg, von A. 
Steusloff. 

Ueber den Gegenwftrtigen Standpunkt unserer Eenntniss von dem 
Vorkommen Fossiler Glacialpflauzen, von A. G. Nathorst. Bihang till K. 
Svenska Vet-Akad. Handlingar, Stockholm, 1892. 

Norges Geologiske UndersSgelse. Om doonelse af jemmalmfore- 
komster, af J. B. L. Vogt, pp. 152, with map and cuts. Christiania, 1892. 

Norg. Geol. Und. Det nordlige Norges geologi, med bidrag af Dr. 
Tellef Dahll og O. A. Comeliussen, udgivet af Dr. Hans Reusch. pp. 
200, wifh large map and cuts. 

Norg. Geol, Und. Toromyrer inden Eartbladet "Sarpsborgs" Om- 
raade, af G. E. Stangeland. pp. 36, with map and cuts, Christiana, 1892. 

Sitzungsb. der Physik-Medic. Soc. in Erlangen, Heft xxiv, 1892, con- 
tains : Das Marine Pliocftn in Syrien, von A. Blanckhenhom ; Beitrftge 
zur Eenntnis der nutzbaren Mineralien des bayerischen Waldes mit 
specieller Berucksichtigung des Silberges bei Bodenmais, von J. Thiel. 

Bui. Soc. G^oL de France, dd Series, t. xx, 1891, No. 1, contains: Etage 
mioc^ne et valeur stratigraphique de VOstrea cnusinnima au sud de PAl- 
g^rie et de la Tunisie, par P. Thomas ; Sur Texistence Jurassique sup(^r- 
ieur dans le massif du Grand-Galibier, par M. Eilian ; Note sur I'dge de 
VHippuriUs earha/rieu$ des Pyrenees, par J. Roussel ; Sur une carte des 
environs de Barcelone de M. J. Almera, par M. Collot. 

Verhand. des naturf. Vereines in Brunn. Band xxix, 1890, contains: Das 
sQdost-mahrische Eruptiv-Gebiet, von J. Elvana; Erster Nachtrag zur 
pleistocftnen Conchy lienfauna Mahrens, von A. Rzehak; Ueber die Bahn 
der am 1 Dec. 1889 bei cacak am Jeliza-G^birge in Serbien gefallenen 
Meteoriten, von G. v. Niessl; Ueber die Periheldistanzen und andere 
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Bahnelement jener Meteoriten, deren Fallerscheinungen mit einiget 
Sicherheit beobachtet werden kounten, von G. v. Niessl. 
. Die Hohlen des Harzes und ihre AusfflllungeD, von Dr. J. H. Kloos, 
pp. 24. From Abh.Ver. fUr erdk. Magdeburg, 1892. 

Note Geologische e Studio Chimico-Petrografico sulla regione Trach. 
itica di Roccastrada, by R. V. Matteucci, pp. 50. with plates. Roma, 1892. 

Memoire della R. Accad. delle Sci. delL'Istituto di Bologna, 5th series. 
Tomo V contains: Zifioidi fossile e il Rostro di Dioplodonte della 
-Farnesina presso Roma, by G. Capellini; Secondo contributo alia con- 
oscenza della microfauna terziaria italiana, by Carlo Fomasini; Nuove 
ricerche sulla melanoflogite della miniera Giona presso Racalmuto 
(Sicllia), by L. Bombicci. 



OOEEESPONDEI^OE. 



Geology at the Meeting op the British Association at Edin- 
burgh.— For the fourth tim« in its history the B. A. A. 8. has met in the 
northern capitol of the United Kingdom, this time under the presidency 
of the Director-General of the Geological Survey, Sir Archibald Geikie. 
The date was unusually early. Thus far the first half of September has 
been the time of holding this gatherinji:,but an ej^periment was this year 
made of placing it one month earlier. Time will sh^w if the experiment 
was successful or not. Probably the change is at least in part account- 
able for a rather smaller attendance than might have been expected at 
so prominent a centre of wealth and learning. Many people at this time 
are out of town and cannot well alter their time of being absent. The 
numbers at the four Edinburgh meetings have been as follows: 

1834, 1,298. 
1860, 1,241. 
1871, 2,468. 
1892, 2,070. 

- The smaller number present had of course the result of lessening the 
amount available in special grants, a matter always to be regretted as 
this is one of the most effective ways in which the B. A. A. S. aids the 
work of investigation. However, a total of £1,000 was distributed among 
workers in the various sections. In geology the following sums were 
allotted: 

Prof. J. Prestwich, Erratic Blocks £10 

Rev. T. Wiltshire, Fossil Phyllopoda £ 5 

Prof. J. Geikie, Geological Photographs £10 

Prof. E. Hull, Underground Waters £ 5 

Mr. J. Home, Shell-deposits at Chapel-hall, &c £20 

Dr. R. H. Traqualr, Eurypterlds of the Pentlands £10 

Sir A. Geikie took for the subject of his address, "The Centenary of 
Hutton's Theory of the Earth." He showed in the course of his remarks 
how much of our present geological systems was embodied in the "Theory" 
of this early writer, and how it has survived to the present day, after en- 
countering assault after assault from various quarters. 
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^ It was," he said, " a special characteristic of this philosophical sys- 
tem that it sought in the changes now in progress on the earth's surface 
an explanation of those which occurred in ancient times. Its founder 
refused to invent causes or modes of operation, for those with which he 
was familiar seemed to him adequate to solve the problems with which 
he attempted to deal. Nowhere was the profoundness of his insight 
more astonishing than in the clear, definite way in which he proclaimed 
and reiterated his doctrine that every part of the surface of the conti- 
nents, from mountain-top to sea-shore, is continually undergoing decay, 
and is thus slowly travelling to the sea. He saw that no sooner will the 
sea-floor be elevated into new land than it must necessarily become a 
prey to this universal and unceasing degradation. He perceived that as the 
transport of disintegrated material is carried on chiefly by running water, 
rivers must slowly dig out for themselves the channels in which they 
flow, and thus that a system of valleys radiating from the water-parting 
of a country must necessarily result from the descent of the btreams 
from the mountain crests to the sea. He discerned that this ceaseless 
and wide spreading decay would eventually lead to the entire demolition 
of the dry land, but he contended that from time to time this catastrophe 
is prevented by the operation of the underground forces, whereby new 
continents are upheaved from the bed of the ocean." 

'*But despite his Arm grasp of general principles and his mastery of 
the minutest details, he bad acquired a literary style which was singu- 
larly unattractive. Fortunately for his fame as well as for the cause of 
science, his devoted friend and disciple, Play fair, at once set himself to 
draw up an exposition of Hutton's views. After Ave years of labor on 
this task, there appeared the classic ' Illustrations of the Huttonian 
Theory/ a work which for luminous treatment and graceful diction 
stands still without a rival in English geological literature.'* 

Sir A. Geikie then rapidly reviewed the progress of these new opin- 
ions and sketched the various objections, scientific ani theological, 
which they had met, passing on to the experimental work of Sir James 
Hall, and the stratigraphical investigations of William Smith, the 
*' father of British Stratigraphy,'' and dwelling, as was seemly and cour- 
teous, on the great share that Edinburgh and Scotland had taken in the 
progress of the new science. Passing rapidly over the long and bitter 
conflict between the Plutonists and the Neptunists, which was mainly 
waged in the north, he proceeded to the discussion of what may be re- 
garded as the central scientific subject of his address — Uniformity versus 
Catastrophe. "Though," he said, ** Hutton and Playfair believed in pe- 
riodical catastrophes, and indeed required these in order to renew and 
preserve the habitable condition of our planet, their successors gradu- 
ally came to view with repugnance any appeal to abnormal and espec- 
ially to violent manifestations of terrestrial vigor, and even persiuided 
themselves that such slow and comparatively gentle action as had been 
witnessed by man could alone be recognized in the evidence from which 
geological history must be compiled. Well do I remember in my own 
boyhood what a cardinal article of faith this prepossession had become 
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We were taught by our great and honored master, Lyell, to believe im- 
plicitly in gentle and uniform operatloiifl, extoided over indefinite pe- 
riods of time, though possibly some witli the zeal of partisans carried this 
belief to an extreme which Lyell himself did aoC approve. What the 
more extreme members of the uniformltarlan school Iklled to perceive 
was the absence of all evidence that terrestrial catastrophes, even on a 
coUosssl scale, might not be a part of the present economy of this globe. 
Yet the admission that they have played a part in geological history 
may be freely made without impairing the real value of the Huttonian 
doctrine." 

The speaker then quoted the Ice- Age as a strong case in point of the 
truth of his remark. ^ If," he said, ''any one had ventored sixty years 
ago to affirm that at no very distant date the snows and glaciers of the 
Arctic regions had descended southwards into France, he would have 
been treated as a visionary theorist. There cannot, however, be any 
doubt that after mau had become a denizen of the earth a great physical 
change came over the northern hemisphere. The climate which had 
previously been so mild that evergreen trees flourished within ten or 
twelve degrees of the pole, became so severe that vast sheets of snow 
and ice covered the north of Europe and crept southward beyond the 
south coast of Ireland almost as far as the southern shore of £ngland, 
and across the Baltic into France and Germany. Such a marvelous 
transformation in climate, in scenery, in vegetation and in inhabitants, 
within what was after all a brief portion of geological time, is surely en- 
titled to rank as a catastrophe in the history of the globe. And yet it ar- 
rived manifestly as a part of the jcreat order of nature. And thus taking 
a broad view of the whole subject, we recognize the catastrophe, while 
at the same time we see in its progress the operation of those same nat- 
ural causes which we know to be integral parts of the machinery where- 
by the surface of the earth is continually transformed." 

Passing on then to another doctrine first clearly and definitely stated by 
Hutton, Sir A. Geikle sketched the views that prevail regarding geological 
time. *'Some 6,000 years had }>reviously been believed to comprise the 
whole life of the planet, and indeed of the entire universe. Bat the 
progress of research continually furnished additional evidence of the 
enormous duration of the ages that preceded the coming of mau, while, 
as knowledge increased, periods that were thought to have followed each 
other consecutively were found to have been separated by prolonged in- 
tervals. Thus the idea arose and gained universal acceptance, that just 
as no boundary could be set to the astronomer in his free range through 
space, so the whole of by-gone eternity lay open to the requirements of 
the geologist. It was Lord Kelvin who first called attention to the 
fundamentally erroneous nature of these conceptions. He pointed out 
that from the high internal temperature of our globe, increasing inward 
as it does, and from the rate of loss of its heat, a limit may be fixed to 
the planet's antiquity. He estimated that the surface of the globe Could 
not have consolidated less than twenty million years ago nor more than 
four hundred million years ago, and he was inclined to believe that, 
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from a review of all the evidence then available, some such period as 
one hundred million years would embrace the whole of geological his- 
tory." 

** Moralizing on these results," the speaker added, *Mt is hot pleasant 
to discover that a fortune, which one has unconcernedly believed to be 
ample, has somehow taken to itself wings and disappeared. When 
the geologist was suddenly awakened by the energetic warning of the 
physicist it was but natural that he should think the accountant to be 
mistaken. But he consoled himself with tbe reflection that, after all, 
one hundred million years was a tolerably ample period of time, and 
might possibly have been quite sufficient for the long sequence of events 
recorded in the crust of the earth. But further considerations have led 
to sweeping reductions of the time allowable for the evolution of the 
planet. Lord Kelvin is willing, I believe, to grant us some twenty mil- 
lion years, but Prof. Tait would have us content with less than ten mil- 
lions." 

Discussing then the argument of the geologists from denudation of the 
land, he said that the rate of this process had in some cases been deter- 
mined, and found to vary between one foot in 780 years and r ne foot in 
6,800 years. Assuming the stratified masses to have at their greatest de- 
velopment a thickness of 100,000 feet, ** they would require at the most 
rapid recorded rate of denudation a period of 78 million years, and at 
the slowest not less than 680 millions." 

Alluding then to the biological evidence of great length of time, as 
shown by the changes which the life of the world has undergone, the 
speaker gave it as his opinion that the ** geological record furnishes a 
mass of evidence which no arguments from other departments of Nature 
can explain away, in favor of an allowance of time much beyond the 
narrow limits which recent physical speculation would concede," and 
concluded his address with an eloquent and picturesque sketch of the 
story revealed by geology concerning the region surrounding the ancient 
capital in which the meeting was held. 

Dr. C. Lapworth, the president of the geological section, being ill, his 
address was postponed and his place filled by various members. Prof* 
Rupert Jones supplied the vacancy on the first day. The papers were 
not of special interest, but included one on the Eurypterids of the Si- 
lurian rocks, by Mr. Laurie; Prof. Jones' report on fossil phyllopods; 
the exhibition of perhaps the oldest paheolith yet found, by Mr. Bell 
and Prof. Bonney; a note on the discovery of the bones of a sperm-whale 
in Scotland; one by Capt. Paterson; one by Dr. Johnston-Lavis on a 
pisolicic tuff in the Pentlands, and one by Mr. Watts on lava and ash«t 
In the carboniferous rocks in Ireland. 

On Thursday morning, with Prof. Bonney in the chair, the report of 
the photographic committee was received, and a standard size and 
mount, to be determined later, resolved on. The report of the boulder 
committee followed, also that of the underground water committee. Two 
or three papers were also read on the Ice-age, which, however, contained 
no new matter, and are chiefly significant as indicating the extent to 
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which the theory of Dr. Croll is losing ground, even in Scotland, the 
native land, and in Edinburgh the home of its distinguished author. ' 

On Friday the president was sufficiently recovered to be present. The 
only papers of more than local interest were one by Mr. B. H. Peach on 
a wide-spread radiolarian chert formation of Arenig age in the Southern 
Uplands of Scotland, indicating deep sea at the time of its deposit, and 
one by M r. D. Bell on " Some alleged proofs of submergence In Scot- 
land during the Glacial Era.** 

On Saturday, with Prof. Lebour in the chair, prof. Hull gave an ac- 
count of a recent visit of exploration to Palestine, in which he men- 
tioned that terraces exist, showing that the Dead sea was once filled up 
to the level of the Mediterranean, now 1800 feet above it, and that in the 
glacial era, the Jordan formed a lake 200 miles long, while there existed 
at its northern eitremity a volcano sending down streams of lava to the 
lake of Tiberias. 

Dr. Johnston-Lavis presented the annual report on Vesuvius, and one 
on the exploration of the Elbolton Cave completed the proceedings of 
the morning. 

In the afternoon 960 members of the Association took part in 16 excur- 
sions. One of these, to the land of Scott, was rendered remarkable by 
a visit to Gattenside House, where is now residing Lady Brewster, whose 
husband. Sir David Brewster, delivered the first annual address before 
the Association, 60 years ago. Other places of interest seen on this and 
different excursions were. Abbots ford, Melrose and Dry burgh Abbeys, 
Leith Docks and the Forth Bridge, Tantallon Castl% N. Berwick cllflb, 
the Clyde shipbuilding yards at Glasgow, and the oil-works and mines, 
the Pentland Hills and collieries in their vicinity, and other spots espec- 
ially interesting to the botanists and zoologists. 

On Monday, with Sir A. Geikie in the chair. Prof. Lapworth delivered 
his address. He dealt mainly with the subject of tho general form of 
the lithosphere, and likened the crust to a series of waves of different 
lengths and amplitudes, but it was of a nature that does not allow Of 
condensation, and the papers that followed were chiefiy of local im- 
portance. 

The chief disappointment experienced was apparently caused by the 
unexplained absence of Prof. Garner and a promised paper on "The Lan- 
guage of Monkeys.-' Possibly the author, as was the case at the A. A. 
A. S. some years ago, failed to appear on account of insufficient ac- 
quaintance with his subject. 

Dr. Burdon Sanderson was appointed president for the meeting at 
Nottingham in 1893, and the date was set for Wednesday, Sept. 18. It 
may be inferred from this action that the early date chosen this year has 
been found unsuitable. 

A deputation from Oxford presented an invitation, which was ac- 
cepted, to meet in tliat city in 1894. E. W. Claypole. 

Akron, 0., Aug, 28, 1892. 
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PERSONAL AND SCIENTIFIC NEWS. 



The Geological Society of America held its summer ses- 
sion at Rochester, N. Y., on Monday and Tuesday, Aug. 15 and 
16, 1892. The president, Mr. G. K. Gilbert, presided. The 
first paper, by Mr. Lawrence Johnson, treated of the phosphate 
beds of Florida and their geological histor}'. In his opinion 
Florida began by the rise of a number of small islands of Eocene 
rocks in a shallow Miocene sea, and on these rocky islands, guana 
was deposited by biixis, while marl beds were at the same time 
formed in the narrow channels. He attributed the origin of the 
**pebble phosphate" to the disintegration of these Miocene marl 
beds after elevation. After alluding to the v^st erosion which these 
rocks have suffered, the author divided the phosphate beds into 
four groups, successively formed : 

(a) * ^Compact Rock, " phosphate, 

(b) passing into * 'Laminated Rock, " 

(c) then into *»Plate Rock," and 

(d) lastly into ' *Sof t-Phosphate. " 

In the absence of the author little discussion was possible, bmt 
some objection was mised against the origin attributed to the 
phosphates, inasmuch as the fossil remains indicate marine con- 
dition and exuviffi rather than terrestrial. 

The next paper. Prof. E. W. Claypole's, on the Dentition 
of Titanichthys and its allies, after paying a high tribute to the 
skill and pains of Dr. Newben-y in so ably interpreting the first 
remains of the kind that came to light from the Ohio Devonian 
strata, and expressing the regret of the society that ill-health de- 
tained him from the meeting and from the prosecution of the 
work, described the detention of the Dinichthyidge as already 
known, pointing out the peculiarities of the teeth of the different 
genera, and then brought forward some recent discoveries by Dr. 
Clark of Berea, which led to the belief that at least two interman- 
dibular plates or teeth existed in some or in all the forms, and 
whose presence explained or removed several diflflculties that pre- 
viously presented themselves. One intermaxillary, scalpri-form 
tooth was also present in the upper jaw, between the two great 
* *pre-maxillaries" of Newberry, which apparently worked against 
the two already mentioned, in the lower jaw. These additions 
considerably simplify the mechanics of the jaws of these monsters. 

Prof. C. H. Hitchcock followed with a paper on the Connecti- 
cut valley glacier. He quoted several cases in which striae from 
the north crossed others previously made from 30° west of north, 
and stated that the latter, in such cases, occupied a slight hollow 
at the bottom of a basin or trough. He thought that this indi- 
cated a change in the direction of the ice and that during the 
greatest extension of the glacier, when drainage was almost im- 
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possible below it, the ice moved over tbe whole surface in one di- 
rection, scoring hill and valley alike, but that in the later stages 
where local conditions could in part control or influence 
the drainage, the courde of the ice was also influenced 
thereby and it took its course along the valleys, scoring them in 
the direction of their length. He also showed a large map of the 
Connecticut valley glacier on which was represented the long 
eskar skirting the river and through which its channel has in some 
places been cut. The stones in the eskar have, he said, all come 
down the valley, and belong to the region. 

A paper by Prof. G. C. Broadhead was then read by Prof. 
Branner on the Ozark uplift and the history of the palaK)zoic in 
Missouri. The author sketched what was, in his view, the course 
of events during palse^zoic time in these mountains, narrating the 
story of their upheaval and subsidence in the palaeozoic sea. The 
paper was a summary of present knowledge on the subject rather 
than a contribution of new material. 

The paper that attracted most interest was by Prof. James Hall, 
of Albany, on the **Oneota Sandstone." He showed a section in 
which the relative position of this disputed layer and its associ- 
ated strata was set forth, and explained their relationships. The 
venerable and veteran American palaeontologist stated as the re- 
sult of his long and repeated observations that the ^ <Oneota Sand- 
stone" passed eastwardly into the lower Catskill and westwardly 
into the Portage. Over the latter lies the Chemung thickening 
and to the westward, with this thickening comes in a difference 
of composition, the sandstones of the east giving place to the 
shales of the west. All these overlie immediately the Tully lime- 
stone where this latter exists. Dr. Hall continued his description 
of the Catskill, stating that no marine fossils existed in it, and 
that its almost sole bivalve shell and its large fish indicated rather 
estuarian,or fresh water, than marine conditions of deposit. The 
merging of the Catskill, lithologically, in the Portage, to the 
westward is very significant in indicating that the fauna of a group 
depends not a little on biological conditions, which are second 
only to secular changes and extinction of species. 

A paper on dynamical geology by Mr. Becker was read in his 
absence by Prof. R. T. Woodward. It dealt with the subject of 
strains produced by stresses, and insisted on the exact defini- 
tion of these and several other terms frequently employed with 
considerable laxit}'. The paper contained some new views of 
faulting which called forth a few remarks, but in the absence of 
the author a paper so mathematical in its treatment could not be 
fully discussed. 

Mr. Warren Upham had a lengthy paper on the structure of the 
drumlins of Massachusetts. After alluding to similar objects in 
other parts of the country, he spoke of the different kinds of 
drift — englacial, subglacial and super-glacial, and maintained 
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that drumlins had been deposited very near the outer edge of 
the glacial sheet and were caused by acceleration of the upper 
layers of ice, causing, he said, deposition of material in the form 
of an oblong hillock at that place. To the longer ridges or eskers 
he assigned an origin in the beds of the super-glacial streams 
where gravel was dropped, and this, by gradual settling, at length 
came to rest on the bed of the glacier. 

Prof. G. F. Wright criticised some of the results published by 
Messrs. McGee and Salisbury from Pennsylvania, and summarized 
the indications of submergence during the Columbian era, in the 
Susquehanna valley mentioning terraces rising to a bight of 130 
feet above the river at Harrisburgh with others at a lower level. 
He went over the subject in detail tracing the **fringe," as it has 
been called, into New Jersey, and maintaining that in some cases 
decomposed gneissoid rock had been mistaken for northern drift, 
especially as stones beaiing the marks of creep-striae are abundant 
in several places. This paper called forth considerable contro- 
versy, the extreme views of some on the age of the early drift 
being actively contested by others. 

Some phases in the metamorphism of the schists in southeast- 
em Berkshire, Massachusetts, was read by Mr. W. H. Hobbs and 
illustrated by photographs of microscopic sections. One by Mr. 
David White showed a new form of Tseniopteris or an allied form 
from the Coal Measures, and illustrated the affinity of the genus, 
and Mr. A. S. Tiffany gave a few interesting facts regarding the ex- 
cavation of the palaeozoic strata in Iowa by very ancient cataracts. 
Some of that may become of considerable importance in connec- 
tion with the subject of interglacial drainage. 

The council received a cordial invitation from the Royal Soci- 
ety of Canada and the Geological Survey to attend its winter meet- 
ing at Ottawa, which was accepted. 

At the late meeting of the American Association for the 
Advancement of Science, Prof. Jos. LeConte, of California, pre- 
sided over the Association, and Prof. H. S. Williams, of Ithaca, 
N. Y. , over Section E. The meeting was attended by the usual 
excursions, receptions and other social diversions. About 500 
members attended. The next meeting will be at Madison, Wis. 
Following is a list of papers read in Sec. E. Mr. G. K. Gilbert 
also gave a public address under the auspices of the Rochester 
Academy of Sciences, on **Coon Butte and the theories of its ori- 
gin," illustrated by lantern views. 

Terminal moraines in New England. By 0. H. Hitchcock. 

A Passage in the History of the Cuyahoga river. By E. W. Clajpole. 

Notes bearing upon the changes of the pre-glacial drainage of western 
Illinois and eastern Iowa. By Frank Leverett. 

Extra-morainlc drift in New Jersey. By A. A. Wright. 

The volcanic craters of the United States. By Uob't T. Hill. 

Recent geological explorations in Mexico. By Rob't T. Hill. 

Paleobotany of the Yellow Gravel at Bridgeton, N. J. By Arthur 
Hollick. 
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Presentation of samples from the salt mines of New York. By S. A. 
Lattimore. 

Tlie mining, metallurgical, geological and mineralogical exliibits to be 
«hown at tlie World's Columbian Exposition. By Geo. P. Eudz. 

Cerro-Viejo and its coues of volcanic ejecta and extrusion In Nicara- 
gua. By Jolin Crawford. 

Paleobotany of the Yellow Gravel at Bridgeton, N. J. By Arthur 
Hollick. 

Pleistocene geography. By W.J. McGee. 

Distribution of the LaFayette formation. By W. J. McGee. 

t>ubmarine vallej's on Continental slopes. By Warren Upham. 

Cenozoic beds of the Staked Plains of Texas. By E. O. Cope. 

The Homotaxic relations of the North American Lower Cretaceous. 
By Robt. T. Hill. 

Exhibitions of Guelph fossils found in Rochester, N. Y. By Albert L. 
Arey. 

The American Mastodon in Florida. By John Kost. 

Borne problem:! of the Mesabi iron ore. By N. H. Winchell. 

The mathematics of mountain sculpture. By Verplank Colvin. 

In Section H. , Mr. W. J. McGee read a valuable paper on 
^'Comparative Chronology," the principal points of which were to 
greatly lengthen the accepted period of geological history,particular- 
ly the later portion of it, but to shorten the period of human history. 
Mr. McGee objects decidedly to all supposed evidence of man in 
Tertiary time. It seems likely that the term ' *Tertiar}^*' as applied to 
human remains in central Europe, has been misunderstood, and that 
the term is meant to designate, at least in some cases, simply the 
surface deposits which have more lately been denominated drift. 

Mr. W. H. Holmes, who presided over Section H. , objects to 
the terms ' ^paleolithic" and * 'neolithic, ' as commonly employed to 
denote human implements of different dates and states of culture. 
He has found both in great abundance in the stone quarries of the 
ancients in Arkansas. The -'paleolith" is the un worked ''stock of 
the quarry," and as such was cached in quantities, or carried to 
great distances. The "neolith" was made at leisure, and as the 
occasion demanded, the same or similar "paleoliths" being 
wrought sometimes into one tool and sometimes into another. 

According to Prof. E. D. Cope the "staked plains" of Texas 
are composed of Cenozoic strata, divisible into Equus beds^ Blanco 
Canon and Lonp Fork, the last being lowest, confirming the de- 
terminations of Prof. Hill. They are underlain by Triassic. The 
Equus beds have a well-known vertebrate fauna. The same is 
true of the Loup Fork. Between these faunas, which are totally 
separate and distinct, existed a paleontologic blank, which has now 
been filled by the discover}' of the Blanco Canon beds. There are 
no marine forms either in these beds of the staked plains, or in 
the Triassic or Permian below. He considers the Equus beds as 
probably of the age of the LaFayette, but that is based wholly on 
paleontologic evidence. 

Prof. Cope obtained remains of Megalonyx in the Blanco Canon 
beds, and several species of Eqwrn in the Equus beds. He made 
a rich and varied collection of vertebrate remains. 
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A World's Congress of Geologists will be held in Chicago, 
in the summer of 1893, in connection with the World's Colum- 
bian Exposition. 

The excellent opportunity offered by this exposition for com- 
parative studies of the mineral resources of the various countries 
of the globe, cannot fail to act as an inducement for geologists 
to assemble on this occasion. It is also announced that many 
States in the Union, as well as couotries in other parts of the 
world, have made liberal appropriations for their geological 
exhibits at the Columbian Exposition; and the exposition 
as a whole will surely attract great numbers of scientific vis- 
itors. 

The Congress will be held under the auspices of the World's 
Congress Auxiliary of the World's Columbian Exposition, which 
organization is recognized and supported by the United States' 
government as one of a series of congresses in the course of the 
exposition season, all intended to show the moral, social and in- 
tellectual advancement of the world at the present time. 

The American Association for the Advancement of Science, on 
its 41st annual meeting, recently (Aug. 16th-22d) held in Roch- 
ester, N. Y., adopted resolutions cordially endorsing the con- 
gresses on the various branches of science within the scope of 
said association, and requested its various sections to appoint 
committees to cooperate with the respective local committees. 
Section E. (geology) acting upon this request, appointed a com- 
mittee of the following geologists, viz.: Thomas C. Chamberlin 
(chairman), John C. Branner, Grove K. Gilbert, W J McGee, 
Rollin D. Salisbury, Eugene A. Smith, Charles D. Walcott, J. F. 
Whiteaves, Geo. H. Williams, H. L. Williams and N. H. Win- 
chell. The local committee consists of Josua Lindahl (chairman), 
Edmund Andrews (v. chairman), Victor C. Alderson, W. R. 
Head, Oliver Marcy and Charles W. Rolfe. 

The Directory will provide suitable places for meeting, and will 
extend to scientists in attendance all conveniences and courtesies 
consistent with the aims of the Auxiliary. 

It is expected that arrangements will be made to secure the pub- 
lication, in extenso, of the proceedings of the various congresses 
and the important papers to be presented at their sessions. These 
publications will be a memorial of the civilization oi the Nine- 
teenth Centurv. 

We hope in the next number of the Geologist to communi- 
cate the exact date of the opening of the Geological Congress. 
All communications should, until further notice, be addressed to 
Dr. Josua Lindahl, Geologist, Springfield, Illinois. 

Dr. I. C. White has severed his connection with the West 
Virginia University, Prof. S. B. Brown, his late assistant, suc- 
ceeding him in the chair of geology. Dr. White will hereafter 
devote his attention exclusively to his professional work in coal. 
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oil and natural gas, and to his private business interests, which 
require much of his time. 

Owing to the refusal of congress to vote the usual appro- 
priation for the U. S. Geological Survey, all field work has been 
suspended, and all the assistants, and many of the principal geol- 
ogists have been directed to close up their notes, putting them into 
condition for preservation or later use, as ihay be required. Many 
of the employes are discharged. The curtailment effects paleon- 
tology, petrography and chemistry most severely, and topography 
least. Messrs. Iddings, Penrose and Barus accompany Profs. 
Chamberlin and Salisbury to the University of Chicago. 

On the newly established Iowa survey, Mr. Charles R. 
Keyes is first assistant, and Prof. G. E. Patrick, of Ames, lowa^ 
is chemist. 

Two NEW DISCOVERIES OF MANGANESE Ore wcrc reported by 
Mr. Edward Halse, at the recent meeting of the North of Eng- 
land Institute of Mining Engineers, one at Mulege, in Lower Cal- 
ifornia, and the other at Arenig, Wales. The first is on the west- 
ern shore of the Gulf of California. Here several outcrops of 
manganese ore veins are found crossing the trachyte which forms 
the bulk of the rock. The veins consist of psiomelane and gyp- 
sum and they vary in thickness from a few inches to three or four 
feet. The prevalent direction is about northwest to southeast. 
The chief veins run in wavy lines, consisting of a succession of 
curves, each a few feet long. The best ore is found at La Trini- 
dad, where two veins intersect. 

That found in Wales is in the Lower Silurian formation in 
Eastern Merionethshire. There are deposits of trappean ash and 
feldspathic porphyry, accompanied with manganese ore. This 
ore consists chiefiy of psiomelane and occurs in much the same 
manner as does that of Lower California. 

Prof. William P. Trowbridge, of Columbia College, died 
suddenly of heart failure, August 12, at his home in New Haven, 
Conn. In connection with the U. S. Coast Survey, he made many 
valuable contributions to scientific knowledge, and for a time held 
the position of scientific secretary to the superintendent of the 
Survey. His loss will be felt by the Institution in whose Faculty 
he held an honored position, and by the many scientific societies 
of which he was a valued member. 
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THE HEAD OF DINICHTHYS. 

By E. W. Claypole, Akrou, O. 

A Specimen of the skull of Dinichthys Intvrmedius recently 
found by Dr. "W. Clark, of Berea, 0. . has supplied details pre- 
viously unknown regarding the plates of which it was composed. 
1 propose in this note to give some account of these in connec- 
tion with a general description of the structure of the head of 
this species, all the main characters of which belong, doubtless, 
to the whole genus. 

In his admirable **Monograph of Fossil Fishes" Dr. Newberry 
has given (pi. lii) a small outline sketch of what, in his opinion, 
was the general form of the head and of the individual plates of 
which it was built up. This may Ik* regarded as a condensed 
summary of what had then been discovered of Duiichthys. The 
recently found specimen, as might have been expected from the 
skill and acumen of this well known author, coincides to a very 
large extent with his figure and illustrates his familiarity with 
the structure lK)th of the fossil and recent forms. 

The new specimen, however, corrects this diagram in a few 
points and adds others of some importance. 

In the annexed figure* I have represented the right side of the 

*The line of section through the orbital is placed (on the plate of 
the outside of the skull) abou^ half an inch too far backward. 
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cranium and shown the various plates, and to as great a degree as 
possible, the way and extent of their overlap and underlap, but 
in consequence of their co -ossification these are in a few places not 
exactly and positively determinable. The specimen figured meas- 
ures ten and a half inches from the tip of the nasal plate to the 
nuchal angle and the right side, which is scarcely displaced at all, 
is five and a half inches in breadth. 

The principal new details in the skull are in the forms of some 
of the plates and the over and underlap which has not previousl}- 
been represented. 

Beside this, the structure of the upper jaw shows important 
additions, the principal of which will form the subject of a future 
**note." 

THE PLATES OF THE HEAD. 

(1.) The Supra-occipital occupies the middle part of the hind 
margin, and is very massive, being one inch and a quarter thick 
at the maximum, extending forward as shown and very slightly 
underlapping both the adjoining lateral plates. Its inner face 
carries three ridges, one running forward and the other two out- 
ward and backward along the margin. These latter are very 
thick and heavy, and their sutures with the ex-occipitals are nearly 
vertical, not underrunning the latter to any considerable extent. 

The sutures of the supra-occipital with both the parietal and 
ex-occipital or so nearly vertical that it is possible the overlap 
may be even the other way. This was certainly the case with 
D. minor whose supra-occipitals are often found separate. In 
these, the ex-occipital underlaps the supra-occipital, and the latter 
is considerably overlapped by tJie parietal. In direction the}' are 
nearly parallel with the axis of the head. 

At the junction of these three ridges and in the middle of the 
nuchal line is the well known double socket on the inner face so 
plainly shown in Dr. Newberry's figures. (See pis. iv and lii of 
Monograph). The function of this socket is not exactly known, 
but it probably marks the place of insertion of some powerful 
muscle or ligament that connected the head with the rest of the 
body. 

(2.) The Ax-occt/nYaZ plate forms most of the hind margin of 
the head outside of the supra-occipital and carries the socket of 
that singular lock-joint with the supra-scapula which character- 
ixee the Arthrodira. On the inner side it moderately overlaps 
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the supra-occipital and is in turn overlapped by the marginal (of 
Newb. and Traq.). In front it is overlapped by the concave edge 
of the parietal. It may be noted that this plate does not extend 
so far forward as was represented by Dr. Newberry. The space 
thus set free is taken up by the parietal. 

(3.) The Marginal (N. and T.) forms the outer and hinder 
margin of the head running to a blunt point at its termination. 
As said above it overlaps the ex-occipital. It also overlaps the 
parietal inwardly and underlaps the post-orbital in front. It is a 
massive plate folding inward and downward as shown in the figure 
(see section) so as to form part of the roof of the mouth and at 
the same time to serve as the front wall .of a deep fossa receiv- 
ing the insertion of the muscle whose function was to lift the 
mandible (temporo-masseter). The hinder margin of this fossa 
is formed by the ridge of the supra-occipital mentioned above. 
These characters can be seen more or less plainly in the two 
figures above quoted (Monog. iv and lii) but can be more dis- 
tinctly comprehended from the plan and sections given herewith. 

(4.) The Parietal plate occupies a post-median position in the 
skull and is large and important. Meeting on the median line for 
a short distance its fellow of the opposite side, its edge inclines 
backward and outward overlapping largely the supra-occipital and 
ex-occipital behind. It is in turn overlapped by the marginal 
and post-orbital and again overlaps the frontal. It is thick and 
heavy, projecting far on the inner face of the skull and forming 
the front wall of the fossa already mentioned. It appears to have 
been the solidifying element of the mid-skull, extending as a 
ridge from the marginal to the supra-occipital on the inner face. 

Judging from the conventional form which he has given to this 
plate in his restoration, its outlines cannot have been clearly de- 
fined in the specimen which Dr. Newberry studied. Instead of 
the small and elliptical area which he has assigned to it, it has a 
large size and an irregular outline and the insertion of this plate 
as above described makes a considerable difference in the post- 
median region of the skull. 

(5.) The Frontal plate, as the parietal, meets its fellow along 
the mid-line for an inch or more and forms but a very small part 
of the outer face, being largely concealed by the adjoining plates 
all of which it underlaps. These are the parietal, supra-occipital, 
pre-orbital, post-orbital and ethmoid. It is a thin plate which 
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covered in the brain. This organ lay in the space between the 
supra-occipital behind and the parietals post-laterally. How 
much of this it actually occupied it is not possible exactly to de- 
termine. The cavity measures five inches from side to side, but 
if analogy is a safe guide, as it probably is, some of this was oc- 
cupied by the ear- capsules. It is probable that the brain proper 
was limited to the space within the forward projections of the 
parietal plates measuring about two and a half inches. This area 
is well outlined inDr.Newberr3''s figures where its boundaries are 
much more clearly marked than in the specimen now described. 

(6.) The Frontal plates, in consequence of their thinness, are 
usually, as in the present case, crushed down so that the brain- 
cavity is almost effaced. But the lateral spaces (ear-capsules) 
being protected by the massive post-orbitals are uninjured. 

(7. ) The Post-orbital plate continues the outline of the head 
from the marginal behind to the pre-orbital in front, and the post- 
orbital process forms the hind margin of the orbit. On the upper 
face this plate overlaps the parietal, the frontal and the marginal, 
and is slightly overlapped by the pre-orbital. It ends backward 
in a blunt point. As the marginal it folds under and forming a 
forward continuation of the above-mentioned ridge that bounds 
the temporo-masseter fossa protects the ear-capsule and the lateral 
aspect of the brain. This ridge gradually sinks until it is lost or 
is merged in another on the inner surface of the pre-orbital plate. 

The natural strength of this plate due to its weight is largely 
increased by its form which may be seen by comparing the sec- 
tions with the figure of the skull. 

Just behind the post-orbital process, and on the lower face, is a 
small and shallow notch (indicated in the figure) for the reception 
of one of the angles of the sub-orbital plate. 

On its lower and inner margin is a strong, stout and cylindrical 
process an inch and a quarter loBfg which evidently joined by a 
suture some one of the plates that formed the roof of the mouth. 
It slants downward and inward at a low angle (about 15° with the 
horizontal) so as to meet a plate that must in some way have cor- 
responded in position and function to the vomer or the presphenoid 
of a recent fish. But no trace of any such plate remains in the spec- 
imen here described, though the two processes approached at their 
distal ends within half an inch. of each other on the median line. 

(8.) The Prt-orInf(f J plate is large and outlines the orbit in 
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front. Its pre-orbital process is slenderer than the post-orbital 
and meets the front end of the sub-orbital at or near its junc- 
tion with the premaxillary, thus completing the enclosure of the 
orbit. The pre-orbital overlaps the post-orbital, the ethmoid and 
the nasal. Its front edge runs from the nasal to the point of the 
pre-orbital process. It is strengthened on its inner face by a 
sharp, low ridge beginning at the point of the process and thick- 
ening inwardly as it rises for about one inch, after which it again 
sinks, until at length it merges in.the low, flat end of the temporo- 
masseter and capsular ridge already described. This re-enforce- 
ment of the pre-orbital plate is connected with the insertion of 
the premaxillary tooth which was carried in part at least on its 
front edge, the remainder being borne by another plate to be men- 
tioned later. 

The nasal openings, or what were apparently such, were situated 
on the front edge of the nasal plate and extended in part on the 
inner front edge of the adjoining pre-orbital. In the specimen 
described they are on the very margin, but this is owing to the 
loss of the plate to be mentioned below. (No. 12.) 

(9.) The Ethmoid plate is missing from this specimen, but it 
is so well known from other examples, and its size and relations 
are so clearly marked on the adjoining plates, that no difficulty is 
found in tracing it. It overlaps the hinder end of the nasal and 
a large area of the inner edge of the frontal, and underlaps the 
pre-orbital along its inner face. It resembles a spear- head in 
form with the point behind. On its inner face is seen the deep 
fontanelle, regarded as a place of lodgment for the extension of 
the pineal gland to a probable pineal eye. The fontanelle usually 
and perhaps normally, reaches the outer surface by a very small 
aperture, but was apparently in some specimens altogether closed. 

(10.) The Naaal plate is trapezoidal in outline and completes 
the front of the head on the median line. It underlaps the pre - 
orbital and the ethmoid and overlaps to a very small extent, at 
its outer edge, the premaxillary plate, to be mentioned immedi- 
ately. (No. 12.) 

(11.) The Suh-orhital plate is a thin blade of bone four inches 
long, with thickened front and lower margins, passing at its lower 
front angle into a narrow but thicker projecting arm two and a 
half inches in length and extending forward. On the lower edge 
of this arm is a long, thin, crescentic plate which serves as a but- 
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tress or support externally for the great < *shear-tooth" so charac- 
teristic of the genus. On its inner face this arm also carries an 
upwardly concave, horizontal plate which formed the floor of the 
orbit, enclosing, with the pre- and post-orbitals, the cavity for 
the eye. In front the sub-orbital formed a sutural connec- 
tion with 

(12.) The PremaxiUary. This plate, which has been hith- 
erto unknown, is not found in the specimen here described, but 
its presence has been established from others. A complete de- 
scription of it will be given in a later note, as its relation to the 
teeth would require the introduction of the subject of the denti- 
tion. For the present it must suffice to say that it completed 
the outline of the fore-part of the head, enclosing the nasal open- 
ings and filling up the recess observable between the nasal and 
the pre-orbital plates. 

The great shear. tooth set in the upper jaw on the lower face of 
the sub-orbital is shown in the diagram, but it has been 'so fully 
and clearly described and figured by Dr. Newberry that nothing 
further need be added here concerning it. 

(13.) The Post-marginal plate, figured by Dr. Newberry in his 
diagram, is not found in the present specimen, nor are its rela- 
tionships yet clearly known. It apparently formed one of several 
thin blades of bone whose office was the connection of the lower 
jaw with the head and which are usually found in so broken and 
confused a condition that their interpretation and re-construction 
have not hitherto been possible. 

The principal * 'slime-canals" have been indicated. These are 
four in number. Three of them arise nearly together, about the 
meeting point of the supra-occipital, parietal and frontal plates. 
Of these, one which may be called the pre-orbital canal, runs 
almost straight to the anterior edge of the skull. It has not yet 
been traced on to the premaxillary plate. Another, which de- 
serves the name of pre-orbital, runs to the central region of the 
plate of the same name where, slightly curving, it passes to the 
margin and is continued on to the sub-orbital plate to meet the 
sub-orbital canal. This runs from the hinder and lower angle of 
that plate forward to its junction with the premaxillary plate and 
will doubtless be found continuous there with another when that 
plate is better known. The occipital canal starts nearly with the 
first and second and runs outward and backward to the lock- joint 
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of the supra-scapula, where it sends off a branch, the supra-scap- 
ular, which continues over that plate nearly in a straight line 
through its middle. Turning sharply, almost at a right angle, 
outward and forward, the occipital canal continues till it meets 
the marginal canal. This skirts the outer edge of the head from 
the hinder angle of the marginal plate to the post-orbital canal 
which it meets nearly in the centre of the plate of that name. 

Besides these, there are indications of another, beginning in the 
angle between the pre-orbital and post-orbital canals and running 
forward and outward along the line of external suture of these 
plates. Turning sharply outward, after a short course, it termi- 
nates at the edge of the hinder part of the orbit. This is less dis- 
tinct than the others in consequence of a possible confusion with 
the almost coincident pre-post-orbital suture. 



EXTRA-MORAINIC DRIFT IN NEW JERSEY. 

A. A. Wright, Oberlin, O. 

. There is a snare in the words < ^terminal moraine'' as applied 
tx) the great ice sheet of the Glacial Epoch. On the one hand 
there is not one terminal moraine, but many; a dozen perhaps, in 
retreating order, as urged by Mr. Upham for Minnesota, and as 
shown by the recent work of Mr. Leverett, in Ohio, and as illus- 
t:rat€<l everywhere within the glaciated area. On the other hand, 
the terminal terminal moraine, that is to say, the southernmost, 
is not terminal for the ice sheet, in the sense of accurately mark- 
ing at every point the utmost extension of the land ice. Another 
expression, based upon a different geological conception, is 
needed for this line; and the words **glacial boundary" have been 
widely used and accepted. The terminal moraine cannot go 
south of the glacial boundary', but the glacial boundary may, and 
does often, lie many miles to the south of the terminal moraine. 
The area between the two lines, where they do not coincide, is 
marked with true signs of glaciation, and is covered with a thin- 
ner or thicker layer of transported material, which represents the 
work of the lobe of ice which once extended over it, but which 
was withdrawn before it had formed a definite boundary moraine. 
When we reflect that the Laurentide glacier was a fan -shaped 
sheet, radiating from a northern center, and not like the Swiss 
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glaciers, gathered from a wide amphitheater to terminate below 
in an apex in a narrow valley, we can see that there is room for a 
wide variety in the terminal deposits. 

The distinction between the terminal moraine and the true 
glacial boundary, was, as a matter of history, not so clearly in 
the minds of geologists when the task of tracing the terminal 
moraine acros * the continent was begun as it is now. Shortly 
after Mr. Upham had described the moraine as it exists on Long 
island, the official geologists of the New Jersey surve}:, profes- 
sors Cook and Smock, traced the moraine across that state from 
Perth Amboy to Belvidere. Their annual reports for 1877 and 
'78 contain the details of the location and structure of this mo- 
raine. Professors Lewis and G. F. Wright then took up the 
work for the Pennsylvania survey ; and their experience, especi- 
ally in western Pennsylvania, convinced them of the importance 
of giving attention to the extra-morainic glacial deposits. Al- 
though it was assumed, both in the New Jersey and the Pennsyl- 
vania reports, that the terminal moraine rested essentially upon 
the glacial boundary, yet professor Lewis, in closing the report 
upon Pennsylvania, stated that a study of the extra morainic de- 
posits would form the subject of a special report in the future. 
His untimely death, however, prevented him from completing the 
work. 

The boundary line was carried through Ohio, Kentucky, In- 
diana and Illinois by professor G. F. Wright, and it will be noticed, 
both in his reports and in his maps, that he distinctly abandoned 
the purpose of tracing a continuous moraine, and pursued that of 
tracing the glacial boundary. 

This frequent non-coincidence of the glacial boundary, and the 
terminal moraine, is the key by which are to be explained many 
of the observ'ations to which I am about to allude. 

During the present summer, 1 had the welcome opportunity of 
doing some field work in New Jersey, part of the time in com- 
pany with professor G. F. Wright, whose wide experience in 
glacial geology will give to our joint observations a value which 
they could not possess if made by myself alone. 

Attention has recently been drawn to the extra-morainic drift 
of New Jersey by professor Salisbury in two papers; the first being 
given at the Washington meeting of the Geological Society, one 
year aj^o; the second being published in the last annual report of 
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the State survey.* In these papers many localities are given 
where glacial, or probably glacial, deposits have been found, south 
of the terminal moraine traced by professors Cook and Smock. 
Detailed descriptions of some of the deposits are given, and their 
origin is explained. I am indebted to these papers of professor 
Salisbury for a list of localities, many of which I have visited, 
and it is a pleasure to confirm the accuracy of the descriptions in 
most essential points. I shall only attempt to add some details, 
which it is hoped may throw additional light upon the nature of 
the deposits, and perhaps to show, that a somewhat different in- 
terpretation of their origin may be fairly entertained. 

It would seem, as a result of our investigations, that the de- 
posits at localities described as showing extra- morainic glaciation, 
extending from Belvidere and Oxford Furnace on the north, to 
the vicinity of Trenton and Monmouth Junction on the south, 
may all be comprehended under three groups. 

1. True Glacial Deposifs^l&id down by the same ice sheet that 
deposited the moraine, and nearly contemporaneous with the moraine 
in their origin. The northern localities belong to this group. 

2. Wafer Deposifs,whether of current or delta formation^ or 
carried by floating ice. The southernmost localities belong to 
this group. 

3. Local Deposits, which have the anomalous aspect of being 
glacial deposits in an unglaciated area. These, when better un- 
derstood, are likely to be thrown bilck into the first group, or else 
ha explained by agencies which are non -glacial. The two lo- 
calities belonging to this group are High Bridge and Pattenburg. 

The region containing the first group of deposits is in the 
southwestern Highlands of New Jersey. Three parallel moun- 
tain ridges run southwesterly through it; the Musconetcong, the 
Pohatcong and Scott's mountain. The ridges are of Archaean 
<rneiss. and carr}' extensive deposits of iron ore. The interven- 
ing valleys are of magnesian limestone and Hudson River shale. 
The moraine runs eastwardly across these ridges, from Belvidere 
on the Delaware river through or near Butzville, Pequest Furnace, 
Townslinry, Hackettstown and Budds lake; rising from 3U0 feet 
alx)ve tide at Belvidere to 9G0 feet at Budds lake. 

Tn this triangular area, between the moraine on the north, and 

♦Bull. Geol Soc. Am. Vol. 8, pp. 173-182. 
Geol Surv. N. J., Annual Report for 1891. 
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Musconetcoug monutain on the south, it is possible to trace a 
veil connected series of glacial deposits, embracing all those 
which I would refer to the first group. This covers the localities 
of Oxford Furnace, Oxford church, Little York, Brass Castle, 
Washington, Pleasant Valley, probablj' Mt. Bethel, though this 
place was aot visited, Roxburgh, Harmony, Lower Harmony, the 
country northeast and east of Phillipsburg, and also southeast 




to t^pringtown, Hnghesvillc and Musconctcong mountain nt a 
]K)int two miles south of Bloomsburj-, 

Avoi<ling as far as possible the stream valleys, the higher 
ilivides were explored. These deposits were found at the follow- 
ing levels: 

Oxford Furnace 520 ft. Little York 850 ft. 

iSrassCastle 700 " Washington 600 " 

Harmony 560 " Phillipsburg, N. E... 875 to 460 " 

Musconctcong mountain, for a distance of three miles, at 700 

1.1 7110 foel. 
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On Scott's mouatain, commencing three miles south of Rox- 
burgh, for a distance.of one mile, at 720 feet. 

The water in the Delaware river has an elevation at Belvidere 
of 229 feet; at Phillipsburg and Easton 156 feet; at Riegelsville, 
at the lower end of Musconetcong mountain, 129 feet. 

These figures are sufficient to show that the deposits in ques- 
tion cannot be attributed to the agency of streams, flowing from 
the glaciated regions lying northward, but on the contrary, must 
be due, as has been urged, to an ice-sheet upon the land. 

The lithological and stratigraphical composition of the deposits, 
especially, proves them to be glacial. 1 scarcely know where to 
point for finer examples of genuine glacial deposits, than to those 
at Little York, Oxford Furnace, and the two cuts north of Wash- 
ington, the latter of which are five miles south of the moraine. 
At Oxford Furnace, for example, where the exposure is from ten 
to twenty feet thick, there is the greatest variety of pebbles and 
bowlders, drawn from every source, and of various sizes and 
shapes, imbedded heterogeneously in a matrix of sand and clay. 
The predominating bowlders are of gneiss from the hills close at 
hand. All of these are angular in shape. Some of them show 
wavy, green epidotic stripes; some have rusty, ferruginous 
stripes; while others carry free quartz containing tourmaline 
crystals, like specimens quarried from -the Oxford tunnel. Mag- 
nesiau limestone also ci'ops out, in place, here; and fragments of 
it, completely scored on every side, were imbedded in the till. 
There were also fragments of limonite ore ; black flint, probably 
from the limestone; angular fragments of shale and slate, lx)th 
striated and unstriated. But besides these elements, of local 
origin, one is able in a few moments, to take samples of many 
other rocks from far away, such as coarse granite, with large, 
pink orthoclase crystals; milky quartz, perhaps from the slate 
regions to the north ; Medina sandstones or quartzites from the 
north, the dark gray, red and purplish varieties, as well as the 
more characteristic whitish variety, whose surface tans to such a 
beautiful, smooth leather color; Oneida conglomerate, a bowlder 
2x2x6 feet, brought all the way from Kittatinny mountain, at 
least, its comers well rounded, as is the case with most of the 
northern material. Fragments of leached and spongy sandstone. 
])erhaps feldspathic, are also found, while all are mixed in the 
fine confusion that demonstrates their deposition by an ice sheet. 
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TImj Hurfacc of the country all around is strewn with gneiss, and 
alwi with ((uartzite iKiwlders, which were traced continously from 
the moraine at Butzville southward to Washington. It is a matter 
of surprise that such pronounced glacial deposits should ever 
have l)een relegated to an unglaciated area. They are of the 
same nature as many of those which are made to do duty as por- 
tions of the terminal moraine. Although it was constantly' in 
our minds, we were unable to see any chemical basis for separat- 
ing these deposits from those of the moraine, such as superior 
oxidation or ferrugi nation. It should be noted that the gneiss 
which somewhat dominates the deposits at Oxford Furnace is 
often hornblendic and is seamed with iron ore. 

Kvidence of glaeiation in several other parts of the triangle re- 
ferred to was observed, though surface features had to be relied 
upon, as cuts and excavations were commonly wanting. For a 
(liHtunce of eight miles northeast of Phillipsburg, the high ground 
of Scott's mountain was explored upon two different roads. 
K very where there was found at least a thin scattering of foreign 
bowlders — conglomerates and ([uartzites predominating — while at 
several points there were notable accumulations of these, as at 
Unrmony, a mile and a half east of Harmony, and two miles 
south of Lower Harmony. Southeast of Phillipsburg also 
they are generally distributed, with special accumulations 
on the pasH between Springtown and Hughesville at an 
altitude of 320 feet, a mile east of Carpentersville at 250 
feet, and for a distance of three miles on the north slope of 
Musconetcong mountain, south of Hughesville and Bloomsbury, 
at altitudes fn>ni 700 to 700 feet. Above this altitude, on the 
suuimits rising to 000 feet and more, only the local gneiss bowl- 
doi*s (UTur. This is the only locality where the ice-sheet is known 
to liave reached Musconetcong mountain, though there are 
northern bowlders in the valley a mile or two west of New Hamp- 
ton .Junction at an elevation of 450 feet. These latter bowlders, 
howovor. wen* not traced into connection with the deposits north- 
ward at Waslungton, and it is |M>ssible that they have suffered 
sonu* water transportation since the retreat of the ice. 

So f:ir as is vet known, the ice did not How over any of the 
pa^isos on >!usiH>netconir mountain and down its southern slope. 
A littlt* Ntreani has carried some of the Kittatinnv mountain 
«iuart/itt's dmvn the st>uth slope to Little York in Hunterdon 
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county, from the 700 feet level just described. But it is most in- 
structive to observe that, aside from this stream, the region about 
Little York is absolutely free, not only from northern bowlders, 
but from the gneissoid rocks of the overhanging mountain as well. 

From the preceding account, therefore, it would appear that in 
western New Jersey the terminal moraine did not mark the true 
glacial boundary, but that the ice sheet must, for a certain period, 
have extended at least five miles further towards Washington, 
and at least 14 miles south of Belvidere upon the flanks of the 
musconetcong mountain. 

The second group of reported glacial deposits south of the 
moraine are the southern ones, such as those at Monmouth Junc- 
tion, N. J., and at Fallsington, Pa., three miles west of Trenton.* 

As one approaches Monmouth Junction on the Pennsylvania 
railroad from Trenton, it is noticed that as soon as the city limits 
are left behind, the cuts are all in a red gravel, >vhich I assume 
to be the Columbia formation. It is a flood deposit from the 
Delaware river, with a very uniform level of from 80 to 100 feet 
above tide. It continues the entire 15 miles to Monmouth Junc- 
tion, and several miles beyond. At the Junction there is a cut 
15 feet deep in a uniformly stratified gravel, 'characterized by 
white and yellow pebbles, mostly less than an inch in diameter. 
With infinite labor, one faintly, l)ut really, striated, water-worn 
pebble was found, but there is no evidence that it was left in its 

♦At the meeting of the A. A. A. S., at which this paper was presented, 
professor Salisbury disclaimed the intention of asserting that an ice-sheet 
had existed as far south as Trenton, or over the center of Hunterdon 
county. The language, which I am sorrvto have misinterpreted, is as 
follows: "The points in New Jersey and Pennsylvania mentioned above, 
however, [Oxford Furnace, High Bridge, Pattenburg, New Brunswick, 
Bethlehem, etc.], are not the southernmost localities where glaciated ma- 
terial is known to occur. Striated bowlders have been found both by Mr. 
Chas. E. Peet and the writer at and near Monmouth Junction, nearly 
twenty miles from the moraine at its nearest point, and fully forty miles 
south of the moraine on the same meridian. Glaciated material has also 
been found at Kingston, about half way between New Brunswick and 
Trenton. It has been found in Pennsylvania, about three miles west of 
Trenton, near Falslngton. The similarity of the surface material of this 
locality to glacial drift (till) was first recognized by professor Smock. 
Striated material has also been found at Bridgeport (opposite N orris- 
town), Pa., i]y Mr. Peet and the writer, at least ten miles south of the 
parallel of Trenton. As at Falsington, the striated material is here im- 
bedded in clay of such character that were the locality known to have 
l)een covered with ice, its reference to till would be fully warranted.'* 
Bull. Geol. Soc. Am. Vol. 8, pp. 179-180. 

Also: "In its southern extension the ice reached the region of the *yel- 
low gravel' formation." Ann. Report, State Geologist, p. 107. 
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present position by ice. A mile or two further on the cuts are 
shallower, and an admixture of coarser material is observed, 
though the red gravel continues. Angular fragments of eruptive 
diabase from immediately beneath, form a rough floor; well- 
rounded and polished northern quartzites, Oneida and Triassic 
conglomerates, and Triassic red sandstones up to a foot or more 
in diameter are imbedded in the gravel, while the surface for miles 
around is well supplied with these, and with Iarger,le8s rounded 
quartzites and conglomerates, up to two and three feet in diame- 
ter. Striated pebbles are very rare, and the whole can be ac- 
counted for, at this low level of 100 feet, by water and floating 
ice, without invoking the aid of an ice sheet. 

In the third category I have placed the two deposits at High 
Bridge and Pattenburg, both at the foot of the southeastern 
slope of MusconetcODg mountain ; one, where the Jersey Central 
railroad comes across, and the other where the Lehigh Valley 
road comes out of its tunnel. In several particulars they are 
very differont from the more northerly deposits, and they well 
merit the special descriptions and emphasis which professor Salis- 
bury has bestowe<l upon them in his annual report. Whilst they 
are partly stratifietl and partly unstratifled, containing material 
ranging from clay and sand up to bowlders of three and even 
seven feet in diameter, and arc plentifully supplied with shale 
fragments with clean and sharp striations, still, on the other hand, 
it is to lie noted: 

1. That the material of the dei)osits is exclusively local. So 
northern roclts could I* found. At High Bridge the deposit 
rests in a cradle of gneiss rock in place, and the hard lx>wlders 
lire all gneissic or granitic, not rounded, and may have been 
gatherc<l from the slope which rises 450 feet above. At Patten- 
l)urg the floor is Triassic shale and conglomerate, but the bowl- 
ders are gneisaic, like those that are to-day creeping down the 
mountain slope on the north. The Hudson River shale and flinty 
limestones must be counted as local rock, even though no outcrop 
was detected in close proximity to the deposits.* 

*The High Bridge deposit was viaited before I had aeen the true drift 
material to the aortb of it. The entire aba^oce of any nortltera elemeot 
coDDOt therefore be Btat«d quite bo conUdently for High Bridge as for 
Patteaburg. While tbe discovery of a alogle well-ideatltied northern 

!<''!> < . .i: .'i.',i"i- ,'i I. . \iiii.iii ill' at great elgoificance, it could aot alt«r 
tUw i'.<-i la^it iluM' lU|"i-ii>, :ii.: in radical contraBt with the more north- 
^ly I iQiis in tliF [jroportiuu nt lu<ial material which they contain. 
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2. In the country round about these deposits, and especially 
on the high land to the northward, no signs of glaciation could be 
discovered. From High Bridge northward four miles to White- 
hall, and thence southwesterly towards Glen Gardner, no signs of 
northern drift or ice-work were detected. Similar search north 
and south of Pattenburg gave the same results, as did also the 
study of adjoining railroad cuts, east and west on both roads; 
so that we are apparently presented with the spectacle of glacial 
deposits, in a region never invaded by an ice sheet; a matter 
which cannot fail to provoke further investigation. Were it not 
for the emphatic and convincing striation, both of the shale and 
gneissoid bowlders, we might turn with more hopefulness to an 
investigation of the possibilities concealed in landslides, and the 
secular creeping of plastic soil containing rock fragments, upon 
slopes of sufficient inclination in order to account, both for the 
striations of the rocks and the heterogeneous structure of the 
deposit. In the absence or meagerness of knowledge, however, 
upon this subject, and in view of the evidence that farther south 
upon this mountain, the ice-sheet abutted at a level of 760 feet, 
it may be more rational to suppose that over some passes, not yet 
discovered, some fingers of the ice-sheet may have extended for 
a sufficient time to form these limited and sharply isolated de- 
posits. 

Great relative antiquity as compared with the moraine to the 
north has been thought to attach to the deposit at High Bridge, 
as evinced by the extreme oxidation, leaching and ferrugination 
of its elements. The facts already stated will perhaps show why 
it possesses these characters. Its materials have never been sub- 
jected to the washing and scouring of a long glacial journey. 
The results of ancient oxidation and kaolinic decomposition are 
still visible in its elements just as they are in the rotting Archaean 
gneiss at its side, which still remains in place. It is also the case 
that the stratified portion of the deposit has been cemented into a 
veritable conglomerate, so tough that blasting was necessary in 
its excavation, by a highly ferruginous cement, whose origin is 
not far to seek. For here, as at Oxford Furnace, the gneiss con- 
tains a considerable proportion of ferruginous minerals, and at 
the High Bridge mines close by, it may be seen graduating into 
a large-grained hornblende schist, lying close to the layers of 
iron ore. The drainage water from such rocks as these w ill in- 
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evitably supply an abundant quantity of ferruginous material to 
the deposits at its base. 

The interpretation given to these extra-morainic deposits must 
of necessity have its bearing upon the question as to the exist- 
ence of an earlier ice-sheet which once covered the state of New 
Jersey as far south as Trenton and the line of the yellow gravels. 
So far as the deposits which we have discussed can be referred to 
the later ice-sheet, or to water transportation or to any other sim- 
pler and sufficient causes so far, of course, they must fail to give 
support to the theory of an earlier ice-sheet. 

While not wishing to enter fully at the present time upon a 
discussion of the existence of such an ice- sheet in the past, I 
will, in closing, mention two points, which while negative, would 
still seem to have something more than a negative bearing against 
such a supposition. 

The first is, that no such ice-sheet has done duty in depositing 
northern material over the large Triassic area of Hunterdon count v. 
Not a northern pebble could I find upon the high plateau west of 
Flemington, in the region about Cherry ville, QuaUertown, Croton 
and Little York, where the elevation is from 500 to 650 feet. Nor 
are there any on the low ground at Flemington and southward and 
eastward, where the elevation is from 125 to 250 feet. At hundreds 
of places the entire thickness of the soil is exposed down to the 
rock in place, and the complete identity of the soil with the un- 
derlying rock, without any foreign admixture, is perfectly clear. 

Finally there may be added one critical test, of the same sort, 
to which this supposed ice-sheet has failed to respond. It has 
failed to disturb the fragments of trap rock that lie upon the sum- 
mit of Sourland mountain, where they have been exposed to the 
weather presumably since the close of the Jurassic age. Sour- 
land mountain is a low swell, reaching an altitude of about 500 
feet and extending from Neshanic, southwestwardly to the Dela- 
ware river at Lambertville. The center line is trap while this is 
flanked on both sides by indurated Triassic shales. I have crossed 
this mountain at three different places, at Button wood Cornei-s, at 
a point two miles west of Ilocktown and at Lambertville, and at 
no point do these diabase ]>owlders appear to have been carried 
over upon the borders of the Triassic, by any force whatever, not 
even by gravity. It is difficult to see how an ice-sheet could 
have passed over without transporting some of these fragments. 
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PLEISTOCENE PAPERS AT THE ROCHESTER 

MEETINGS. 

During the sessions of the Geological Society of America, 
August 15 and 16, and of Section E (Geology and Geography) 
of the American Association for the Advancement of Science, 
August 17-22, 1892, in Rochester, N. Y., a considerable number 
of papers, which are here briefly noticed, related to the Pleisto- 
cene period. 

GEOLOGICAL SOCIETY OP AMERICA. 

Stuib'eft of the Connecticut Valley Glacier, By C. H. HITCH- 
COCK. The portion of the Connecticut river valley described in 
this paper extends from Lyme and Hanover south to Claremont, 
N. H. On each side of the valley the enclosing hills and uplands 
rise within a few miles to a hight of 500 feet or more above the 
river. Glacial striae on these highlands bear somewhat uniformly 
about S. 30° E., while in the valley their prevailing direction is 
to the south or slighly west of south, conforming with the course 
of this depression. Bowlders and other drift materials have been 
transported in these diverse directions, southeastward on the higher 
country and southward in the valley. But occasionally stria? of an 
earlier southeastward glaciation are also found in the valley, pre- 
served in hollows or on sheltered parts of the rock surface and sur- 
rounded by the marks of the southward ice-flow. Either the cur- 
rents of the ice-sheet were here deflected southward during a late 
stage of the general glaciation, or a local glacier lingered in this 
valley after the ice on the higher land was melted, the latter being 
regarded by the author as the more probable explanation. 

In the ensuing discussion, Mr. Warren Upham spoke of the 
Connecticut valley esker (called a kame in the Geology of New 
Hampshire, vol. iii), which was traced twenty-four miles along 
the axis of this portion of the valley from Lyme, N. H., south 
to Windsor, Vt. When the receding border of the ice-sheet had 
become thinned by ablation, its surface here descended from each 
side toward the superglacial river by which the esker was being 
formed, and there was probably an indentation or embayment of 
the glacial boundary at the river's mouth. The glacial currents 
which had before passed southeastward even in the bottom of the 
valley appear to have then turned to the south and west of south, 
being deflected perpendicularly toward the indented edge of the 
waning ice-sheet. 
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Profs. E. W. Claypole and W. H. Niles doubted that an 
embayment of the ice-border could be formed in the Connecticut 
valley, and referred to the valley glaciers of alpine districts as 
suggestive that local glaciers might continue in valleys for some 
time after the departure of the ice-sheet from the adjoining high- 
lands. 

Mr. G. K. Gilbert spoke of the question whether the abla- 
tion of the departing ice-sheet caused its portion south of the 
White mountains and southeast of the Green mountain range to 
be at last divided by these highlands from the ice farther north, 
so that its pressure by a great thickness of ice in Canada ceased, 
leaving the southern portion to take new courses of outflow de- 
pendent only on its own mass and the contour of the land. 

Conditions of accumulation of drumlins. By Warren Up- 
iiAM. Descriptions of the various forms of these hills of glacial 
drift or till, and of their known distribution in the United States 
and Canada, were followed by discussion of the evidences that 
they were accumulated rapidly beneath the thinned and receding 
border of the ice- sheet, being probably in large part built up bj' 
lodgment of previously englacial drift. In becoming lodged on 
the drumlins or on other and low deposits of subglacial till, 
bowlders and pebbles of drift that had been englacial would be 
considerably striated and planed ; but the drift which fell loosely 
on the surface from an englacial or superglacial position when the 
ice disappeared would be mostly angular, not being thus sub- 
jected to attrition. At a great distance from the edge of the ice- 
sheet and within all its central area, the currents of its upper and 
lower portions probably moved outward with nearly equal rates, 
the upper movement being somewhat faster than at the base. 
Upon a belt extending many miles back from the margin, how- 
ever, where the slope of the ice-surface had more descent, the 
upper currents of the ice, unsupported on the outer side, would 
move several times faster than its lower currents, which were im- 
peded bj' friction on the land. There would be accordingly 
within this belt a strong tendency of the ice to flow outward with 
curved currents, tending flrst to carry drift upward into the ice- 
sheet and later to bear it downward and deposit it partiy beneath 
the edge of the ice and partly along the ice boundary. The 
author believed the drumlins to be submarginal drift accumula- 
tions cUefly ao deposited inside the course of contemporaneous 
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terminal moraines, or often formed during the glacial recession 
while no halt or re-advance of the receding ice-margin permitted 
the formation of moraines. But the irregular distribution and 
grouping of the drumlins, their absence upon many large areas 
thickly covered by drift, and the occasional occurrence of lone 
drumlins, remain to be explained and seem to present the most 
difficult problem relating to the action of the ice-sheet. 

In discussion, Prof. R. D. Salisbury thought the accumula- 
tion of drumlins easy to understand, but could not account for 
their occurrence in limited belts and groups or singly, while ad- 
joining large tracts have none. The term englacial drift he would 
restrict to the drift carried long distances in the upper part of the 
ice without intermingling with the more plentiful drift in the basal 
part of the ice-sheet. Much of the drift transportation he be- 
lieves to have taken place by dragging under the ice. 

The exfra-morainic drift of the Swtquehanna valley. By G. 
Frederick Wright. The extreme advance of the ice-sheet is 
held to be mailed in the Susquehanna region by a thin mantle of 
drift with plentiful bowlders, extending to a distance of several 
miles in front of the conspicuous belt of hilly drift denominated 
the terminal moraine. In tracing the moraine through Pennsyl- 
vania, the author, with the late Prof. Henry Carvill Lewis, named 
this extra-morainic drift a **fringe," believing its deposition to 
have been nearly contemporaneous with the accumulation of the 
morainic hills. Terraces of stratified drift deposits, with infre- 
quent bowlders, occurring farther south along the Susquehanna, 
which have been regarded by McGee as evidence of a marine 
submergence changing the valley to an estuary, are thought in- 
stead to be of fluvial origin, belonging to a time when the land 
there was slightly depressed, but not to the sea level, near the 
close of the Glacial period. 

In discussion, Mr. W J McGee defended his interpretation of 
the terraces; and Prof. R. D. Salisbury objected to the term 
* 'fringe," because this extra-morainic drift is referred by him, as 
also by McG^e and others, to an earlier epoch of glaciation, ap- 
parently several times as long ago as the last glacial epoch when 
the moraine was formed. 

SECTION E, AMERICAN ASSOCIATION. 

Terminal moraines in New England. By C. H. Hitchcock. 
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After referring to the outer moraines which were traced fifteen 
years ago on Long Island, Martha's Vineyard, Nantucket, the 
Elizabeth Islands, and Cape Cod, and the moraine in northern 
Massachusetts recently reported by Mr. Ralph S. Tarr as reach- 
ing from Cape Ann westerly to the Connecticut river, the author 
described morainic belts which he has observed in New Hamp- 
shire and Vermont, characterized by drift hills and knolls of very 
irregular and broken contour, with abundant bowlders, and en- 
closing many ponds in depressions of the drift. One of these 
belts extends from the south side of Squam lake northeasterly to 
the vicinity of Conway, N. H. Another is traceable from near 
Burlington, Vt., eastward to Umbagog lake and the Rangely 
lakes in the west edge of Maine. 

A passage hi the history of the Cuyahoga river. By E. W. 
Claypole. This river of northern Ohio flows in a preglacial 
valley along nearly all its course from Akron to its mouth at 
Cleveland. In one place, however, the river flows in a rocky 
gorge on the west side of the old valley, which there had become 
filled with drift to a hight somewhat above its enclosing rock-wall. 
The postglacial erosion of this gorge and of the drift filling the 
valley seems capable of affording, with further study, a measure 
of the time since the recession of the ice-sheet from that area. 

Notes bearing npon the changes of the preglacial drainage of 
western Illinois and eastern Iowa. By FRANK Leverett. Deep 
wells indicate that a drift-filled valley extends from the Missis- 
sippi river near its most eastern portion on the boundary of Iowa, 
above the Rock Island rapids, southeasterly to the Illinois river. 
It seems therefore worthy of inquiry whether this may have been 
the preglacial course of the Mississippi, since the rock gorges of 
the Rock Island and Des Moines rapids show that between south- 
eastern Iowa and Illinois it has cut a new channel after being 
turned from an earlier valley by the ice-sheet. In preglacial and 
interglacial times, however, a large river ran in the present course 
of the Mississippi below Keokuk, and the drift-filled valley of 
this river was traced by Gen. G. K. Warren past the Des Moines 
rapids on their west side. 

Extra -mi)rainic drift in New Jersey. By A. A. Wrioht. In 
the west part of northern New Jersey a general sheet of till 
covers the country southward from the terminal moraine at Bel- 
vjdere for a distance of a dozen miles, across Scott's and Pohat- 
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cong mountains to the Muscjonetcong range. This drift sheet 
encloses plentiful bowlders and smaller rock fragments frpm 
formations lying north of the terminal moraine, and it is be- 
lieved by the author and by Prof. G. F. Wright that it belongs 
to the same epoch of glaciation as the moraine itself. Close 
south of the Musconetcong mountain isolated deposits of till are 
found at Pattenburgh and High Bridge, which contain chiefly or 
only stones derived from adjacent formations, having none from 
the sandstone of the Kitta tinny range, although that sandstone is 
plentiful in the drift between the terminal moraine and the Mus- 
conetcong mountain. The Pattenburgh and High Bridge de- 
posits seem therefore referable to local glaciers, probably con- 
temporaneous with the maximum extension of the general ice- 
sheet. 

In discussion of this paper. Prof. R. D. Salisbury and W J 
McGee attributed the extra-morainic drift of this district to a 
far more ancient glaciation than that which formed the terminal 
moraine at the farthest limit attained by the last ice-sheet. If 
the antiquity of the moraine be expressed by unity, that of the 
drift reaching thence southward, as shown by the progress of 
suba^rial erosion and by the oxidation of the drift and the decay 
of its bowlders and pebbles, appears to require surely two figures 
for its expression. This drift beyond the moraine has been es- 
timated variously to be from ten to fifty times as old as the mo- 
raine and the drift sheet that extends thence northward. 

Pitleohntany of the Ycflotr Gravel at Bridgeton, iV! J. By 
Arthur Hollick. Leaves of about twentj^-five species of plants, 
representing nearly twenty genera, among which are Magnolia, 
Asimina, Diospyros, and Persea, have been collected from the 
yellow gravel, sand, and loam at Bridgeton, in southern New 
Jersey, the only locality where fossils of any kind have been 
found in that formation. All these species are still living in 
the flora of the southern states, but none of them range north 
of New Jersey. It is the most completely recent collection of 
plants ever found in a fossilized condition. 

Mr. McGee, in discussion, doubted that this deposit could be 
referred to either the Lafayette or Columbia formations, and sug- 
gested that more probably it had been eroded and re-deiK)sited 
during the postglacial epoch, then receiving its fossil leaves. 

Mr. Lester F. Ward, having examined the locality, believed 



^22 The America/n Oeologist. octoiw, i8b 

that the stratum containing the leaves is a part of the Lafayette 
formation, having not been disturbed since its original deposition. 
On this evidence the Lafayette epoch would belong in the Pleis- 
tocene period, instead of the Pliocene^ to which it has been pro- 
visionally referred. 

Submarine valleys on continental slopejf. By Warren Upham. 
The submarine fjord of the Hudson river, whose bottom is 2,844 
feet below the sea level, and the similar valleys discovered by 
Prof. George Davidson off the coast of California, one of which 
sinks to the depth of 3,120 feet where it crosses the submarine 
contour line of 600 feet on the continental slope, are surpassed 
by the submerged canon of the river Congo. This canon, of 
which a description and map are given by Mr. J. Y. Buchanan, 
in the Scottish Geographical Magazine for May, 1887, extends 
about a hundred miles out to sea from the mouth of the Congo, 
and descends to a depth of more than 6, 000 feet beneath the sea 
level. Along its last twenty miles before it enters the ocean, the 
Congo has a depth of 600 to 1,450 feet. At the mouth of the 
river the width of this gully, as Mr. Buchanan calls it, is three 
miles, and its depth is 2,000 feet. Thirty-five miles out to sea, 
the width of the gullied submarine valley or canon is six miles, 
and its depth 3,440 feet. At the distance of seventy miles off 
shore the general slope has fallen off to the depth of 3, 000 feet, 
and below this the caiion has an additional depth of 3,000 feet 
more, the sounding to its bottom being 6,000 feet. Several other 
very remarkable submarine valleys are found on this western 
coast of Africa near the equator. 

Though Mr. Buchanan attributes these submerged canons to 
the action of marine currents setting in landward under the lighter 
fresh water of the river, while the land, according to his belief, 
has held its present relation to the sea level, geologists who have 
studied the submarine valleys of the eastern and western coasts 
of North America will confidently refer their origin in Africa, as 
on our own continental borders, to a formerly greater altitude of 
the land when it stood higher than now by as great an amount as 
the depths of the canons below the ocean's surface. 

That the Congo submarine valley is not yet filled with the al- 
luvial silt of the river, which discolors the surface water to the 
distance of many miles off shore, proves that the subsidence of 
the land from its former altitude was geologically recent. These 
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great epeirogenic movements of the plateaa forming the southern 
half of Africa, like the oscillations shown by submerged valleys 
and fjords of North America and Europe, ranging in depth to 
4, 080 feet in the Sogne fjord of Norway, took place doubtless no 
longer ago than during the Pleistocene or Glacial period, and the 
closing stage of the preceding Tertiary* era. It seems also cer- 
tain that these earth movements had an intimate relationship with 
the origin of the great lakes of Africa and with the accumula. 
tion and departure of the North American and European ice- 
sheets. 

In discussion. Prof. Joseph LeConte directed attention to the 
occurrence of submarine valleys on the California coast where no 
rivers now enter the sea. Not only a great uplift and subsequent 
depression of the continental plateau, but also vast outflows of 
lava and the formation of mountain ranges by which river courses 
have been changed, are there referable to late Tertiary and 
Quaternary time. 

Pleistocene Geography. By W J McGrEE. A series of several 
maps was displayed and described, showing the extent of ice- 
sheets in North America during the first, second, and third glacial 
epochs which are recognized by the author, the extent of coastal 
submergence by the sea during these epochs, and the areas of 
the Pleistocene lakes Bonneville, Lahontan, and others, in the 
arid Great Basin of interior drainage. The deposition of the 
loess in the upper Missouri region was attributed to lakes and 
broad river floods, more or less obstructed by the ice-sheets. At 
present no sufficient data have been obtained for a correlation of 
the epochs of glaciation east of the Rocky mountains with those 
of the Cordilleran mountain belt and the Pacific coast. 

Distribution of the Lafayette formation. By W J McGee. 
The gravel, sand, and loam beds formerly called the Appomattox 
formation, for which the name Lafayette is now substituted, oc- 
cupy the coastal plain from New Jersey southward to northern 
Florida and westward through the gulf states into Mexico. An 
area of 100,000 square miles has this formation at its surface; 
upon an equal area the Lafayette beds are thinly covered by the 
similar but considerably later Columbia formation ; and from still 
Another area of the same extent the Lafayette formation has been 
l^moved by stream erosion. Its original extent was therefore 
Jiot less than 300,000 square miles. It is believed to have been 
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deposited while this low plain was covered by the sea, but the 
Appalachian mountain belt appears to have then stood somewhat 
above its present hight. Between the coastal submergences to 
which the Lafayette and Columbia beds are referred, this plain 
was elevated higher than now and the Chesapeake and Delaware 
bays were formed by the erosion of the Susquehanna and Dela- 
ware rivers. If time since the recession of the latest ice-sheet 
has been 7,000 years, as is shown to be probable by the studies 
of N. H. Winchell, Gilbert, Wright, and others, the amount of 
erosion since the Columbia and Lafayette epochs indicates that 
they were respectively some 200,000 years and 10,000,000 years 
ago, the Lafayette being apparently fifty times as long ago as the 
Columbia, and the latter thirty times older than the last glacial 
epoch. 

In discussion, Mr. Upham questioned whether a simpler view 
of the epeirogenic movements producing the Lafayette formation 
might not be found in ascribing these beds to deposition by flooded 
rivers descending from the Appalachian mountain region and 
from the Mississippi basin, as shown by Hilgard, spreading the 
gravel, sand and loam over the coastal plain during the early 
part of a time of continental elevation. As this elevation in- 
creased, the rivers would attain steeper slopes and finally erode 
much of the deposits which they had previously made. During 
the culmination of the uplift, Chesapeake and Delaware l)ays 
were excavated, and erosion was in progress at a far more rapid 
rate than with the present low altitude of this region. The^ time 
ratios assigned to the Lafayette and Columbia formations in com- 
parison with the last glacial epoch may therefore be greatly ex- 
aggerated, and they may belong wholly to the Pleistocene or 
Glacial period. 

Prof. E. D. Cope doubted that the physical characters of 
the Lafayette beds could be produced by fluvial sedimenta- 
tion. 

Pres. T. C. Chamberlin considered the question whether the 
Lafayette formation was mainly of marine or of fluvial origin 
undecided, but in New Jersey, at least, according to the studies 
of Prof. Salisbury, the latter view appears the more prob- 
able. 
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It has, I believe, beon the rule for the man who has been honored by 
election to the chair of President of the Geological Section of the Brit- 
ish Association to address its members upon the recent advances made 
in that branch of geology in which he has himself been mobt immedi- 
ately interested. It is not my intention upon the present occasion to de- 
part from this time-honored custom; for it has both the merit of sim- 
plicity and the advantage of utility to recommend it. In this way each 
branch of our science, as it becomes in turn represented, not only sub- 
mits to the workers in other departments a report of its own progress, 
but presents by implication a broad sketch of the entire geological land- 
scape, seen through the colored glasses, it may bo, of divisional preju- 
dice, but at any rate instructive and correfctive to the workers in other 
departments, as being taken from what is to them a novel and an )in- 
familiar point of view. 

Now every tyro in geology is well aware of the fact that the very 
backbone of geological science is constituted by what is known as strati- 
graphical geology, or the study of the geological formations. These 
formations, stratified and unstratified, build up all that part of the vis- 
ible earth-crust which is accessible to the investigator. Their outcrop- 
ping edges constitute the visible exterior of our globe, the surface of 
which forms the physical geography of the present day, and their in- 
ternal characters and inter-relationships afford us our only clues to the 
physical geographies of bygone ages. Within them lies enshrined all 
that we may ever hope to discover of the history and the development 
of the habitable world of the past. 

These formations are to the stratigraphical geologist what species are 
to the biologist, or what the heavenly bodies are to the astronomer. It 
was the discovery of these formations which first elevated geology to 
the rank of a science. In the working out of their characters, their re- 
lationships, their development, and their origin, geology finds its means, 
its aims, and its justification. Whatever fresh material our science may 
yield to man's full conception of nature, organic and inorganic, must of 
necessity be grouped around these special and peculiar objects of its 
contemplaticn. 

When the great Werner first taught that our earth-crust was made up 
of superimposed rock-sheets or formations arranged in determinable or- 
der, the value of his conclusions from an economic point of view soon 
led to their enthusiastic and careful study; and his crude theory of their 
successive precipitation from a universal chaotic ocean disarmed the 
suspicions of the many until the facts themselves had gained such a 
wide acceptance that denial was no longer possible. But when the 
greater Button asserted that each of these rock formations was in reality 
nothing more nor less than the recemented ruins of an earlier world, the 
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prejudices of mankind at large were loosed at a single stroke. Like 
Galileo's assertion of the movement of the globe, this demanded such a 
simple and apparently undignified mode of creation that there is no 
wonder that, even down to the present day, there still exist some to 
whom this is a hard saying, to be taken, if taken at all, in homoeopathic 
doses and with undisguised reluctance. 

Hutton, as regards his philosophy, was. as we know, far in advance of 
his time. With all the boldness of conviction he unflinchingly followed 
out these ideas to their legitimate results. He claimed that as the 
stratified formations were composed of similar materials — sands, clays,, 
limestones, and muds— to those now being laid down in the seas around 
our present coasts they must, like them, have been the products of or- 
dinary natural agencies — of rain, rivers and sea waters, internal heat and 
external cold — acting precisely as they act now. And further as these 
formations lie one below the other, in apparently endless downward 
succession, and are all formed more or less of tliese fragmentary' mate- 
rials, so the present order of natural phenomena must have existed for 
untold ages. Indeed, to the commencement of this order he frankly ad- 
mits, "I see no trace of a beginning or sign of an end." 

The history of the slow acceptance of Hutton's doctrines, even among 
geologists, is, of course, perfectly familiar to us all. William Smith re- 
duced the disputed formations to order, and showed that not only was 
each composed of the ruins of a vanished land, but that each contained 
in its fossils the proof that it was deposited in a vanished sea inhabited 
by special life creation. Cuvier followed, and placed it beyond ques- 
tion that the fossilized relics of these departed beings were such as 
made it absolutely unquestionable that these creatures might well have 
inhabited the earth at the present day. Lyell completed the cycle by 
demonstrating stage by stage the efliciency of present natural agencies 
to do all the work required for the degradation and rebuilding of the 
formations. Since his day the students of strati graphical geology have 
universally acknowledged that in the study of present geographical 
causes lies the key to the geological formations and the inorganic world 
of the past. 

In this way the road was paved for Darwin and the doctrine of de- 
scent. The aid which had been so ungrudgingly afforded by biology to 
geology was repaid by one of the noblest presents ever made by one 
science to another. For the purposes of geology, the science of biology had 
practically completed a double demonstration: first, that the extinct life 
discernible in the geological formations was linked inseparably with the 
organic life of the present; and, second, that every fossil recognized by 
the geologist was the relic of a creature that might well have existed upon 
the surface of the earth at the present time. Geology repaid its obligation 
to biology by the still greater two-fold demonstration : first, that in the 
economy of nature the most insigniflcant causes are competent to the 
grandest effects, if only a snlBciency of time be granted them; and, sec- 
ond, that in the geological fonnalloiui we have the evidences of the ac- 
tual existence^^UHMi|UMH^ !&- irii^ such work might be done. 
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The doctrine of organic evolution would always have remained a 
metaphysical dream had geology not given the time in which the evolu- 
tion could be accomplished. The ability of present causes to bring 
about slow and cumulative changes in the species is, to all intents and 
purposes, a biological application of Hutton's ideas with respect to the 
origin of the geological formations. Darwin was a biological evolution- 
istf because he was first a uniformitarian geologist. Biology is pre- 
eminent to-day among the natural sciences, because its younger sister, 
Geology, gave it the means. 

But the inevitable consequence of the work of Darwin and his col- 
leagues was that the centre of gravity, so to speak, of popular regard and 
public controversy was suddenly shifted from stratigraphlcal geology to 
biology. Since that day stratigraphlcal geology, to its great comfort and 
advantage, has gone quietly on its way unchallenged, and all its more 
recent results have, at least by the majority of the wonder-loving public,, 
been practically ignored. 

Indeed, to the outside observer it would seem as if stratigraphlcal ge- 
ology for the last thirty years had been practically at a standstill. The 
staitllng discoveries and speculations of the brilliant stratigraphists of 
the end of the last century and first half of the present forced the ge- 
ology of their day into the very front rank of the natural sciences, and 
made it perhaps the most conspicuous of them all in the eyes of th& 
world at large. Since that time, however, their successors have Veen 
mainly occupied in completing the work of the great pioneers. The 
stratigraphlcal geologists themselves have been almost wholly occupied 
in laying down upon our maps the superficial outlinea of the great 
formations, and working out their inter-relationships and subdivisions. 
At the present day the young stratigraphlcal student soon learns that all 
the limits of our great formations have been laid ddwn with accuracy 
and clearness, and finds but little to add to the accepted nomenclature 
of the time. 

Our palfeontologists also have equally busied themselves in working 
out the rich store of the organic remains of the geological formations, 
and the youthful investigator soon diEcovers that almost every fossil he 
is able to detect in the field has already been named, figured, and de- 
scribed, and its place in the geological record more or less accurately 
fixed. 

In France, in Germany, in Norway, Sweden, and elsewhere, in Canada 
and in the United States, work as thorough and as satisfactory has been 
accomplished, and the local development of the great stratified forma- 
tions and their fossils laid down with detail and clearness. 

Many an unfledged, but aspiring geologist, alive to these facts, and 
contrasting the well-mapped ground of the present time with the virgin 
lands of the days of the great pioneers, finds it hard to stifie a feeling of 
keen regret tliat there are nowadays no new geological worlds to con- 
quer, no new systems to discover and name, and no strange and unex- 
pected faunas to unearth and bring forth to tlie astonished light of day. 
The youth of stratigraphlcal geology, with all its wonder and freshness,. 
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Heems to have departed, and all that remains Is to accept, t 

ate, and to round off the >;lorlou8 victories of the dead heroes of our 

But to the patient strati graphical veteran, wlio has kept his eyes open 
to discoveries new and old, this lull Id the war of geological controversy 
presents Itself rather as a grateful breathing time; the more grateful as 
he sees looming rapidly upio front the va^ue outlines of those oncomiog 
problems which it will tie thediity and the joy of the rising race of young 
geologists to grapple with and to conquer, sb their fathers met and van- 
quished the problems of the past. He knows perfectly well that Geol- 
ogy is yet in her merest youth, and that to justify even her verj- exist- 
ence there can be no rest until the whole earth-crust and all its phenom- 
ena, past, present, and to come, have been subjected to the domain of 
human thought and comprehension. There can be no more finality in 
Geology than in any other science; the discovery of to-day Is merely the 
stepping-stone to the discovery of lo-morrow; the living theory of to- 
morrow is nouiished by the relics of its parent theory of to-day. 

Now it we ask what are these formations which constitute the objects 
of study of the strati graphical geologist, I am afraid that, as in the case 
of the species of the biologist, uo two authorities would agree in framing 
precisely the same definition. The original use of the term formntion 
was of necessity llthologlcal, and even now the name is most naturally 
applied to any great sheet of rock which forms a component member of 
the earth-crust; whether the term boused specifically for a thin homo- 
geneous sheet of rock like the Stooesfield slatp,raDglng over a few square 
miles; or generically, for a compound sheet of rock, like the Old Red 
Sandstone, many thousands of feet in thickness, but whose collective lith- 
ological ubaracteristlts give it au individuality recognizable over the 
breadth of an entire continent. 

^Vhen Werner originally discovered that the "formations" of Saxony 
followed each other In a certain recognizable order, a second character- 
istic of a formation became superposed upon the original llthologlcal 
conception— namely, that of determinate "relative position." And 
when William Smith proved that each of the formations of the English 
Midlands was distinguished by an assemblage of organic remains pecul- 
iar to itself, there became added yet a tlilrd criterion — that of the posses- 
sion of "characteristic fossils." 

But these later superposed conceptions of time-succeselon and life-type 
are far better expressed by dividing the geological formatlona Into zoo- 
logical tonet, on the one hand, and grouping them together, on the other 
hand, Into chronological ij/aUmi. for In the experience of ertry geolo- 
gist he finds his mind Instinctively harking back \o the bare lltholo^cal 
application of tli.- >M>rd ■■I'lnnhllon." mid I ikr unl ■^ii' (Ijiit luiy reiil ad- 
vantage Is gslned by departing from the primitive iiao "f Ihe term. 

A vnte, which iimy be regarded as the unit of pulifmtologicat tuecftnoTt, 
is marked by tha presence of ■ special foMil, and may include one or 
niany subordinate formailou. Aj|il»)it«blch t«. broadly speaklny:, tlie 
unit ofgeolofieal mifffMion, loclnfa^^Mtti^wes," and ofteu, but not nl 
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mjB, mnciy " format Iodb." A Ji^rmation, which Ib the uni't of geoiogi&d 
ttratigrapliy, is a rock aheet compoBed o[ mauy strata posBessiog (^om- 
moa lithological charactera. The formatioD may be simple, like the 
Chalk, or compound, like the New Red sandst ne; but, Bimple or com- 
pound, local or regloDBl, it must be always recognizable, geograpblcftlly 
and geologically, as a lithologlcal individual. 

As regards the natural grouping of these lithologlcal iDdlviduala as 
such, fair progress haa been made of late years, aad our informatioD is 
growing apacp. We know that there are at any rate three main groups: 
1st, the stratified formatioDB due to tbe octiou of moving water above 
the earth-crust; 3d, the Igneous formations which are derived from be- 
low the eartb-rrust; 3d, the metamorphk formations which have un- 
dergone chaoge within the eartb-crust itsplf. We know also that of 
these three the only group which has hitherto proved itself available for 
the purpose of reading the past history of the glebe is that of the strall- 
Ued formations. 

Studying these BtratiBed formations therefore in greater detail, we 
find that ibey fall naturally In their turn into two Bets^viz., a mechanical 
set of pebble beds, sandstones and clays formed of rock fragments 
washed ofl the land into the waters, and an organic Bet of limestones, 
chalk, &c., formed of the shells and exuviie of marine organisms. 

But when we attempt a further division of these two sets, our classifi- 
cation soon begins to lose Its definiteness. We infer that some forma- 
tions, such as the Old Red and the TrlaSBic, were the comparatively 
rapid deposits of lakes and inland seas; that others, like the Coal Meas- 
ures, L< ndon clay, &c., were the less rapid deposits of lagoons, river 
valleys, deltas, and the like; that others, like our finely laminated shales 
and clays of the Silurian and Jurassic, were the slower deposits of the 
broader seas; and finally, that others, like our Chalk and Greensand, 
were possibly the extremely slow deposits of tlie more oceanic deeps. 

Nevertheless, after looking at the formations collectively, there re- 
mains no doubt whatever in the mind of the geologist that their me- 
chanical members are the results of the aqueous degradation of vanished 
lands, and that their organic members are the accumulated relics of the 
Btony secretions of what once were living beings. Neither is there any 
possibility of escape from the conclvtslon that they have all been depos- 
ited by wat«i in the superficial hollows of the sea-bottoms and ocean - 
floors of the earth -crust of their time. 

In the life of every individual stratified formation of the mechanical type 
we osn always dlstlDguish three stages: lirst, the stage of erosion and 
tnuportitloD, In which tbe rock fragments were worn off the rocks of 
Uu higher ground and washed down by rain and rivers to the Eea; see- 
on d, a aluge iif (lpim:(itiiin and consolidation below the surface of tbe 
fliiiet waters; and tliir-l, a final stage in which the completed rock for- 
mation was bent and uplmaved, In part at least, Into solid land. lu the 
formations of the organic type three corresponding stages are equally 
discernible: Hret, the period of mineral secretion by organized beings; 
second, the period of depoeltlon and consolidation; and third, the final 
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period of local elevation in mass. But one and all, mechanical and or- 
ganic alike, they bear in their composition, in their arrangement, and in 
their fossils, abundant and irresistible evidences that they were the pro- 
ducts, and that now they are the memorials of the physical geography of 
their time. 

Guided by the principles of Ilutton and Lyell, geologists have worked 
out with great care and completeness the effects of those agencies which 
rule in the first of these three life-stages in the history of a mechanical 
formation. No present geological processes are better known to the 
young geologist than those of denudation, erosion, and transportation, so 
familiar to us in the elo(iuent works of our president. They form to- 
gether the subject matter of that most wonderfully fascinating chapter 
in geology, which, from its modest opening among the quiet Norfolk 
8andhills,sweeps upwards and onwards without a break to its magnificent 
close on the brink of the gorge of the Colorado. But our knowledge 
of the detailed processes of deposition and consolidation which rule in 
the second stage is still exceedingly imperfect, although a flood of light 
has been thrown upon the subject by the brilliant results of the Challen- 
ger expedition. And we are compelled to admit that our knowledge of 
the operations of those agencies which rule in the processes of upheaval 
and depression is as yet almost nil; and what little we have already 
learnt of the effects of those agencies is the prey of hosts of conflicting 
theories that merely serve to annoy and bewilder the working student 
of the science. 

But not one of the formative triad of detrition, deposition, and eleva- 
tion can exist without the others. No detrition is p issible without the 
previous upheaval of th? rock-sheet from which material can be re- 
moved; no deposition is possible without the previous depression of the 
rock-sheet which forms the basin in which the fragmentary material 
can be laid down. 

Our knowledge, therefore, of the origin and meaning of any geologi- 
cal formation whatever, can at most be only fragmentary until this third 
chapter In the llfe-hlstory of the geological formation has been attacked 
in earne£t. 

Now all the rich store of knowledge that we possess respecting the 
first stage in the life of a geological formation has been derived from a 
comparison of certain phenomena which the stratigraphical geologist 
£nd8 in the rock formations of the past, with correspondent phenomena 
which the physical geographer discovers on the surface of the earth of 
the present. And all that we know of the second stage again has been 
obtained in precisely the same way. Surely analogy and common sense 
both teach us that all wliich is likely to be of permanent value to us as 
regards the final stage of elevation and depression must first be sought 
for in the same direction. 

Within the last twenty years or so many interesting and vital discov- 
eries have been made in tiie stratigraphy of the rock formations, which 
bear largely upon this obscure cliapter of elevation and depression. And 
I propoMOAj^i^pooasion that we try to summarize a few of these new 
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facts, and then, reading them in conjunction with what we actually 
know of the physical geography of the present day, try to ascertain how 
such mutual agreement as we can discover may serve to aid the strati- 
graphical geologist in his interpretation of the true meaning of the geolog- 
ical formations themselves. We may not hope for many years to come 
to read the whole of this geological chapter, but we may perhaps mod- 
estly essay an interpretation of one or two of the opening paragraphs. 

In the physical geography of the present day we And the exterior of 
our terraqueous globe divided between the two elements land and water. 
We know that the solid geological formations exist everywhere beneath 
the visible surface of the lands, but of their existence under the present 
ocean floor we have as yet no absolute certainty. We know both the 
form of the surface and the composition of the outer layers of the conti- 
nental parts of the lithosphere; we only know as yet even in outline the 
form of the surface of its oceanic portions. The surface of each of our 
great continental masses of land resembles that of a long and broad 
arch-like form, of which we see the simplest type in the New World. 
The surface of the North American arch is sagged downwards in the 
middle into a central depression which lies between two long marginal 
plateaux, and these plateaux are finally crowned by the wrinkled crests 
which form its modern mountain systems. The surface of each of our 
ocean floors exactly resembles that of a continent turned upside down. 
Taking the Atlantic as our simplest type, we may say that the surface of 
an ocean basin resembles that of a mighty trough or 8yncline,buckled up 
more or less centrally into a medial ridge, which is bounded by two long 
and deep marginal hollows, in the cores of which still deeper grooves 
sink to the profoundest depths. This complementary relationship de- 
scends even to the minor features of the two. Where the great conti- 
nental sag sinks below the ocean level, we have our gulfs and our Med- 
iterraneans, seen in our type continent as the Mexican gulf and Hudson 
bay. Where the central oceanic buckle attains the water line, we have 
our oceanic islands, seen in our type ocean as St. Helena and the Azores. 
Although these apparent crust-waves are neither equal in size nor sym- 
metrical in form, this complementary relationship between them is al- 
ways discernible. The broad Paciflc depression seems to answer to the 
broad elevation of the Old World>-the narrow trough of the Atlantic to 
the narrow continent of America. 

Every primary wave of the earth^s surface is broken up into minor 
waveSyin each of which the ridge and it^complementary trough are always 
recognizable. The compound ridge of the Alps answers to the compound 
Mediterranean trough; the continuous western mountain chains of the 
Americas to the continuous hollow of the eastern x'aciflc which bounds 
them; the sweep of the ciest of the Himalaya to the curve of the Indo- 
Gkmgetic depression. Even where the surface waves of the lithosphere 
lie more or less buried beneath the waters of the ocean and the seas, the 
same rule always obtains. The island chains of the Antilles answer to 
the several Caribbean abysses, those of the .^gean archipelago answer 
to the Levantine deeps. 
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Draw a section of the surface of the lithosphere along a great circle in 
any direction, the rule remains always the same; crest and trough, hight 
and hollow, succeed each other in endless sequence, of every gradation 
of size, of every degree of complexity. Sometimes the ridges are conti- 
nental, like those of the Americas; sometimes orographic, like those of 
the Himalaya; sometimes they are local, like those of the English Weald. 
But so long as we do not descend to minor details we find that ever}' line 
drawn across the earth*s surface at the present day rises and falls like 
the imaginary line drawn across the surface of the waves of the ocean. 
No rise of that line occurs without its complementary depression; the 
two always go together, and must, of necessity, be considered together. 
Each pair constitutes one of those geographical units of fcnn of which 
every continuous direct line carried over the surface of the lithosphere 
of our globe is made up. This unit is always made up of an arch- like 
rise and a treugh-like depression, which shade into each other along a 
middle line of contrary curvature. It resembles the letter S or Ho- 
garth's line of beauty, and is clearly similar in form to the typical wave 
of the physicist. Here, then, we reach a very simple and natural con- 
clusion, viz.: the surface of the earth-crust of the present day resembles 
that of a series of crust-waves of different lengths and different ampli- 
tudes, more or less irregular and complex, it is true, but everywhere 
alternately rising and falling in symmetrical halves like the waves of 
the sea. 

Now this rolling wave-like earth-surface is formed of the outcropping 
edges of the rock formations which are the special objects of study of 
the stratlgraphlcal geologist. If, therefore, the physiognomy of the face 
of our globe Is any real Index of the character of the personality of the 
earth-crust beneath It, these collective geographical features should be 
precisely those which answer to the collective structural characters of 
the geological formations. 

In the earlier days of geology one of the first points recognized by 
our stratlgraphlsts was the fact that the formations were successive 
llthologlcal sheets, whose truncated outcropping edges formed the pres- 
ent surface of the land, and that these sheets lay Inclined at an angle 
one over the other, or as William Smith quaintly expressed It, like a 
tilted "pile of slices of bread and butter." But as discovery progressed 
the explanation of this arrangement soon became evident. The forma- 
tions revealed themselves as a series of what had originally been de- 
posited as horizontal sheets, lying In regular order one over the other, 
but which had been subsequently bent up Into alternating arches and 
troughs {%, e. the anticlines and syncllnes of the geologist). Their vis- 
ible parts, which now constitute the surface of our habitable lands, were 
simply those parts of the formations which are cut by the irregular 
plane of the present earth's surface. All those parts of the great arches 
and troughs formerly occurring above that plane have been removed by 
denudation; mil those parts below that plane lie buried still, out of sight 
within the polid «Mth-«niit. 

Aithini|^l|tjgilH||Mrti^ll aofficieiit extent it was seen 
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that the anticline or arch never occurred without the syncline or trough 
— in other words, that there was never a rise without a corresponding 
fall of the stratum— yet it is only of late years that the stratigraphical 
geologist has come clearly to rec ignize the fact that the anticline and 
syncline must be considered together, and must be united as a single 
crust-wave. For the arch is never present without Its complementary 
trough, and the two together constitute the tectonic^ structural, or oro- 
graphic unit, namely, The Fold, the study of which, so brilliantly In- 
augurated by Helm in his **Mechanismus der Gebirgsbildung," is des- 
tined, I believe, in time, to give us the clue to the laws which rule in 
the local elevation and depression of the earth-crust, and furnish us with 
the means of discovery of the occult causes which lie at the source of 
those superficial irregularities which give to the face of our globe its 
variety, its beauty, and Its habitability. 

We have said already tha*: this wave or fold of the geologist resembles 
that of the wave of the physicist. Now we may regard such a wave as 
formed of two parts, the arch-like part above and the trough-like part 
below. The length of the wave is naturally the length of the axial line 
joining the outer extremities of the arch and trough, and passing 
through the centre, node, or point of origin of the wave itself, which bi- 
sects the line of contrary curvature. The amplitude of the wave is the 
hight of the arch added to the depth of the trough. The arch part of 
such a wave, if perfectly symmetrical, may clearly be regarded as be- 
longing either to a wave traveling to the right, in which case the com- 
plementary trough is the one in that direction, or it may be regarded as 
belonging to a wave traveling to the left, in which case Its trough must 
be the one in that direction. But as in the case of the shore wave, the 
advancing slope of the wave is always the steeper, and the real centre of 
the wave must lie half-way down this steeper slope; so there is no diffi- 
culty in recognizing the centre of a geological fold and fixing the real 
direction of movement. 

The fold of the geologist differs from the ordinary wave of the physi- 
cist essentially in the fact that even in its most elementary conception, 
as that of a plate bent by a pressure applied from opposite sides, it nec- 
essarily includes the element of thickness. And this being the case, 
the rock sheet which is being folded and curved has different layers of 
its thickness affected differently. In the arch of the fold the upper 
layers of the rock sheet are extended, while its lower layers are com- 
pressed. On the contrary in the trough of the fold the upper layers are 
compressed and the lower layers are extended. But in arch and trough 
alike there exists a central layer, which, beyond taking up the common 
wave-like form, remains practically unaffected. 

But the geological fold has in addition to length and thickness, the 
further element of breadth, and this fact greatly complicates the phe- 
nomena. 

Many of the movements which take place in a rock sheet which is 
being folded, or in other words those produced by the bending of a 
compound sheet composed of many leaves, can be fairly well studied in 
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a very simple experimeDt. Take an ordioary Iarg<t note-book, say au 
iach in thicknesB, with flexible covers. Rule carefully a series of paral- 
lel liueB acroBB the edges of the leaves at the top of the book, ab'iut 
^ of an Inch apart, and exactly at right angles to the pUne of 
the covet. Then, holding the front edges loosely, press the book 
slowly from back and front into an S-llke form until it can lie pressed 
no further. As the wave grows, it Kill be noticed that the cross lines 
which have been drawn on the upper edge of the book remain fairly 
'parallel throughout the whole of the folding process, except in the cen- 
tral third of the book, where they ari'ftDge themselves into a beautiful 
sheath-like form, showing how much the leaves of the book have 
sheared or slldden over each other In this central portion. It will also 
be seen when the S is complete that the book has been forced Into a 
third of its former breadth. It is clear that the wave which the book 
now forms must be regarded as made up of three sections, viz.: a sec- 
tion formlbg the outside of the trough on the one side, and a BectiOD 
forming the outside of the arch on the other, and a central or com moo sec- 
tion, which may be regarded either as uniting or dividing the other two. 

As this experiment gives us a fair representation of what takes place 
in a geological fold, we see at a glance that the geologist is forced to di- 
vide his fold into three patts— an arch limb, a trough limb, and a mid- 
die limb — which last we may call the copula or the leptuiii. according ss 
we regard It as connecting or dividing the other two. Our note-book 
experiment shows us also that in the trough limb and the arch limb the 
leaves or layers undergo scarcely any change of position beyond taking 
on the growing curvature of the wave. But the layers in the central 
part, or aeptum, undergo sliding and shearing. It will be found also, by 
gripping the unbound parts of the book llrmly and practicing the fold- 
ing in different ways, that this leptum is also a region of warping and 
twisting. This simple experiment should be practiced again and again 
until all these points are spparen^ and the various stages of he folding 
process become clear; the surface of the book being forced flrst into a 
gentle arch-like rise with a corresponding trough-like fall; then atige 
by stage the arch should be pushed over onto the trough until the sur- 
faces of the two are in contact and the book can be folded do further. 

In the structure of our modern mountain ranges we discover the most 
beautiful illustrations of the bending and folding of the rocky forma- 
tions of the earth-crust. The early results of Rogers among the Alle- 
ghanies, of Lory and Favre in the western Alps, have been greatly ex- 
tended of late years by the discoveries of Ileim and Baltzer in the cen- 
tral Alps, of Bertraud in Provence, of Margerie in Languedoc, o( Dutton 
and hie colleagues in the western ranges of America, and of Peach and 
Home and others in the older rocks of Britain. The light these re- 
searches throw upon the phenomena of mountain structure will b« 
found sdmirably auuimarlzed and discussed in the mirks ot Leconte. of 
Dana, of Daubree, of Read e, of Helm, nud lioally in the nikgntflc«ni 
work of Suess, the "AQtlilz der EnJe," of which oniy^ 
umes have yet appeared. 
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Looking first at the mountain fold in its simplest form as that of a 
bent rock-plate, composed of many layers which have been forced into 
two similar arc-like forms, the convexities of which are turned, the one 
upwards and the other downwards, we find in the present mountain 
ranges of the globe every kind represented. We commence with one in 
which the arch is represented merely by a gentle swell of the rock-sheet, 
and the trough by an answering shallow depression, the two shading into 
each other in an area of contrary flexure. From this type we pass in- 
sensibly to others in which we see that the sides of the common limb or 
septum are practically perpendicular. From these we pass to folds in 
which the twisted common limb or septum overhangs the vertical, and 
so on to that final extreme, where the arch limb has been pus^ied com- 
pletely over on to the trough limb, and all three members, as in our note- 
book experiment, are practically welded into one conformable solid 
mass. 

Although the movements of these mountain folds are slow and insen- 
8ible,and only effected in the course of ages^so that little or no evidence 
of the actual movement of any single one of them has been detected 
since they were first studied, yet it is perfectly plain that when we re- 
gard them collectively, we have here crust folds in every stage of their 
existence. Each example in itself repiesents some one single stage in 
the lifetime of a single fold. They are simply crust folds of different 
ages. Some are, as it were, just bom; others are in their earliest youth. 
Some have attained their majority, some are in the prime of life, and 
some are in the decrepit stages of old age. Finally, those in which all 
three members— arch limb, trough limb, and septum— are crushed to- 
gether into a conformable mass, are dead. Their life of individual 
movement is over. If the earth pressure increases, the material which 
they have packed together may of course form a passive part of a later 
fold, but they themselves can move no more. 

In many cases, due partly to the action of longitudinal pressures, 
tho septum becomes reduced to a plane of contrary motion, namely — the 
over- fault, or ihrost-plane, and the arch limb and the 1 rough limb slide 
past each other as two solid masses. But here we have no longer a fold, 
but a fault. 

We see that every mountain fold commences first as a gentle alter- 
nate elevation and depression of one or more of the component sheets of 
the geological formations which make up the earth-crust. This move- 
ment is due apparently to the tangential thrusts set up by the creeping 
together, as it were, of those neighboring and more resistant parts 
of the earth-crust which lie in front of and behind the moving wave. 
Yielding slowly to these lateral thrusts the crest of the fold rises higher 
and higher, the trough sinks lower and lower, the central common limb 
or septum grows more and more vertical and becomes more and more 
strained, sheared, and twisted. As this middle limb yields, the rising 
arch part of the fold is forced gradually over on to the sinking trough, 
mtil at last all three m^rmbers come into conformable contact and f ur- 

■licli is Impossible. Movement ceases, the fold Is dead. 
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We see also from our note-book experiment tbat the final result of the 
completion of the fold is clearly to strengthen up and consolidate that 
part of the crust plate to the local weakness of which it actually owed 
its origin and position. The fold has by its life-action theoretically 
tt ebled the thickness of that part of the earth -plat*) in which iti dead re- 
mains now lie. If the lateral pressure goes on increasing and the layers 
of the earth-crust again begin to fold in the same region, the inert re- 
mains of the first fold can only move as a passive part of a newer fold: 
either as a part of the new arch-limb, the new trough-limb, or the new 
septum. As each younger and younger fold formed in this way neces- 
sarily includes a more resis ant, and therefore a thicker, broader, and 
deeper sheet of the earth-crust, we have here the phylogenetic evolution 
of a whole family of crust folds, each successive member of which is of 
a higher grade than its immediate predecessor. 

But it very rarely happens that the continuous plate in which any 
fold is imbedded is able to resist the crust creep until the death of the 
first fold. Usually, long before the first simple fold is completed, a new 
and parallel one ri^es in front of it on the side of the trough limb, and 
the two grow, as it were, henceforward side by side. But the younger 
fold, being due to a greater pressure than the older, must of necessity be 
of a higher specific grade, and the two together form a generic fold in 
common. 

Our present mountain systems are all constituted of several families 
of folds, all formed in this way, of different gradations of size, of differ- 
ent dates of origin, and of different stages of life evolution; and in each 
family group the members are related to each other by this natural gen- 
etic affinity. 

Sometimes the new folds are formed in successive order on one side 
of the first fold, and then we have our unilateral (or so-called unsym- 
metrical) mountain groups, like those of the Jura and the Bavarian Alps. 
Sometimes they are formed on both sides of the original fold, and then 
we have our bilateral (or so-called symmetrical) ranges, like the Central 
Alps. In both cases the septa of the aged or dead folds are of necessity 
all directed inwards towards the primary fold. Jf, therefore, they orig- 
inate only on one side of the fold, our mountain group looks unsym- 
metrical, with a very steep side opposed to a gently sloping side. If 
they grow on both sides of the original fold, we have the well-known 
**fan structure*' of mountain ranges. In this case the whole complex 
range is seen at a glance to be a vast compound arch of the upper layers 
of the earth-crust, keyed up by the material of the dead or dying folds, 
which by the necessities of the case constitute mighty wedges whose 
apices are directed inwards towards the centre of the system. But a 
complete arch of this kind is in reality not a single fold, but a double 
one, with a septum on both sides of it; and it requires two troughs, one 
on each side of it, as its natural complement. The so-called unsym- 
metrical ranges, therefore, which are constituted merely of arch limbi 
trough limb, and septum, are locally the more natural and the more 
common. 
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It is clear that in the lifetime of any single fold its period of greatest 
^energy and most rapid movement must be that of middle life. In early 
youth the lateral pressure is applied at a very small angle, and the tan- 
gential forces act therefore under the most disadvantageous circum- 
stances. In the middle life of the fold the arch limb and the trough 
limb stand at right angles to the septum, and the work of deformation is 
then accomplished under the most favorable mechanical conditions and 
with the greatett rapidity. That is to say, the activity of the fold and 
the rate of movement of the septum, like the speed of the storm wind, 
vary directly as the gradient. 

In our note-book experiment we observed that little or no change took 
place in the arch limb and tDugh limb, while the septum became re- 
markably sheared and twisted. The same is the case in nature, but here 
^we have to recollect that these moving mountain folds are of enormous 
size, indeed actual mountains in themselves. These great arches, scores 
of miles in length, thousands of feet in hight and thickness, must of 
necessity be of enormous weight, capable of crushing to powder the 
hardest rocks over which they move, while the thrust which drives them 
forward is practically irresistible. It is plain, therefore, that while the 
great arch limb and the trough limb of one of these mighty folds move 
over and under each other from opposite directions, they form together 
an enormous machine, composed of two mighty rollers, or millstones, 
which mangle, roll, tear, squeeze, and twist the rocky material of the 
middle limb or septum, which lies jammed in between them, into a 
laminated mass. This deformed material, which Is the characteristic 
product of the mountain-making forces, is, of course, made up of the 
stuff of the original middle limb of the fold ; and whether we call it 
breccia, mylonite, phyllite, or schist, although it may be composed of 
sedimentary stuff, it is certainly no longer a stratified rock ; and though 
it may have been originally purely igneous material, it is certainly no 
longer volcanic. It is now a manufactured article, made in the great 
«arth mill. 

These mountain folds, how^ever, are merely the types of folds and 
wrinkles of all dimensions which affect the rock formations of the earth- 
<;ru8t. Within the mountain chains themselves we can follow them fold 
within fold, first down to formations, then to strata, then to lamina;, till 
they disappear at last in microscopic minuteness beyond the limits of 
ordinary vision. Leaving these, however, for the moment, let us travel 
rather in the opposite direction, for these mountain folds are by no 
means the largest known to the stratigraphical geologist. Look at any 
geological section crossing the continent of North America, and it will 
be found that the whole of the Rocky Mountain range on its western 
side and the Alleghany range on the east are really two mighty compound 
geological anticlines, while the broad sag of the Mississippi basin is actu- 
ally a compound geological syncline made up of the whole pile of the 
geological formations. That is to say, the continent of North America is 
composed of a pair of geological folds, the two arches of which are repre- 
sented by the Rockies on the one side and the Alleghanies on the other, 
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while the intermediate Mississippi syncline is the common property of 
both. Here, then, we reach a much higher grade of fold than the oro- 
graphic or mountain-making fold, viz., the plateau-making fold or the 
semi-continental fold, which, because of its enormous breadth, must 
include a very much thicker portion of the earth-crust than the ordinary 
orographic fold itself. r/ — - 

But where must ^e the real middle limbs of these two American folds 
— ^those septal areas where most work is being done and the motion is 
greatest? 

Taught by what we have already learned of the mountain wave the 
answer is immediate and certain. They must be on the steeper sides of 
each of the two folds, namely, those which face the ocean. How per- 
fectly this agrees with the geological facts goes without saying. It is on 
the steep Pacific side of the western fold that the crushing and crump- 
ling of its rocks are the greatest. It is on the Atlantic side of the eastern 
fold that the contortion and the metamorphism of its rocks are at their 
maximum, while in the common and gently sloping trough of both folds, 
namely, the intermediate Mississippi valley, the entire geological 
sequence remains practically unmodified throughout. 

Again, which of these two American folds should be the more active at 
the present day? Taught by our study of the mountain wave the answer 
again is immediate and conclusive. It must be that fold whose septum 
has the steeper gradient. Geology and geography fiash at once into 
combination. The steeper Pacific septum of the western fold from Cape 
Horn almost to Alaska is ablaze with volcanoes, or creeping with earth- 
quakes, while the gently inclined Atlantic septum of the eastern fold 
from Greenland to Magellan straits shows none, except on the outer edge 
of the Antilles, in the very region where the slope of the surface is the 
steepest. We see at a glance that the vigor of these two great continental 
folds, like those of our mountain waves, varies directly as the surface 
gradient of the septum. 

But the geographical surface of North America, considered as a whole, 
is in reality that of a double arch, with a sag or common trough in the 
middle. We have seen already that this double arch must be regarded 
as the natural complement of the equally double Atlantic trough. Here, 
then, if the path of analogy we have hitherto so triumphantly followed 
up to this point is still to guide us, the basin of the Atlantic must be, not 
only in appearance, but in actuality, formed of two long minor folds of 
the same grade as the two that form the framework of America, but ^vith 
their members arranged in reverse order. If so, tlieir submarine septa 
ought also to ba lines of movement and of volcanic action. And this is 
again the case. The volcanic islands of the Azores and St. Helena lie 
not exactly on the longitudinal crests of the mid-oceanic C^W^w^r^r ridge, 
but upon its bounding tlanks. 

But we have not yet, however, finished with our simple fold. If we 
draw a line completely round the globe, crossing the Atlantic basin at 
its shallowest, between cape Verde and cape St. lioque, and continue it 
in the direction of Japan, where the Pacific is at its deepest, as the trace 
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of a great circle, we find that we have before us a crust fold of the very 
grandest order. We have one mfghty continental arch stretching from 
Japan to Chile, broken submedially by the sag of the Atlantic trough; 
and this great terrestrial arch stands directly opposed to its natural com- 
plement, the great trough of the Pacific, which is bent up in the middle 
by the mightiest of all the submarine buckles of the earth-crust, on 
which stand the oceanic islands of the central Pacific. , 

But if this be true, then the septum of all septa on our present earth- 
crust must cross our grandest earth fold where the very steepest gradi- 
ent occurs along this line, and it must constitute the centre-point of the 
moving earth fold, and of greatest present volcanic activity. And where 
is this most sudden of all depressions? Taught once more by our geo- 
logical fold, the answer is instantaneous and incontrovertible. It is on 
the shores of Japan, the region of the mightiest and most active of all 
the living and moving volcanic localities on the face of our globe. 

But the course of the line which we indicated as forming our grandest 
terrestrial fold returns upon itself. It is an endless fold, an endless 
band, the common possession of two sciences. It is geological in origin, 
geographical in effect. It is the wedding-ring of geology and geography, 
uniting them at once and for ever in indissoluble union. 

Such an endless fold, again, must have an endless septum, which, in 
the nature of things, must cross it twice. Need I point out to the merest 
tyro in these wedded sciences that if we unite the Old and New Worlds 
and Australia, with their intermediate sags of the Antarctic and Indian 
oceans, as one imperial earth arch, and regard the unbroken watery ex- 
panse of the Pacific as its complementary depression, then the circular 
coastal band of contrary surface fiexure between them should constitute 
the moving master septum of the earth crust. This is the **Volcanic 
girdle of the Pacific," our "Terrestrial Ring of Fire." 

Or, finally, if we rather regard the compact arch of the Old World 
itself as the natural complement of the broken Indo-Pacific depression, 
then the most active and continuous septal band of the present day should 
divide them. Again our law asserts itself triumphantly. It is the great 
volcanic and earthquake band on which are struog the Festoon islands 
of western Asia, the band of mount St. Ellas, the Aleutians, Eamtchatka, 
the Kuriles, the band of Fusijama, Krakatoa, and Sangir. The rate of 
movement of the earth's surface doubtl ss everywhere varies directly as 
the gradient. 

We find, therefore, that even if we restrict our observations to the most 
simple and elementary conception of the rock fold as being made up of 
arch-limb, trough-limb, and twisting but still continuous septum, we are 
able to connect, in one unbroken chain, the minutest wrinkle of the finest 
lamina of a geological formation with the grandest geographical phe- 
nomena on the face of our globe. 

We find, precisely as we anticipated, that the wave-like surface of the 
earth of the present day reflects in its entirety the wave-like arrange- 
ment of the geological formations below. On the land we find that the 
surface arches and troughs answer precisely to the grander regional an- 
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ticlines aid synclines of the subterranean sedimentary sequence; and it 
may I believe, be regarded as certain that the submarine undulations have 
a similar or complementary relationship. We find in the new geology, as 
Hutton found in the old, that geography and geology are one. We find, 
aa we suspected, that the phys'.ognomy of the face of our g<obe is an un- 
erring index of the solid personality beneath. It bears in its lineaments 
the characteristic family features and the common traits of its long line 
of geological ancestors. 

Such, it seems to me, is an imperfect account of the introductory para- 
graphs of that great chapter in the new geolog}' now in course of in- 
terpretation by geologists of the present day; and we have translated 
them exactly in the old way by the aid of the only living geological lan- 
guage, the language of present natural phenomena, and 1 doubt not 
that sooner or later the rest of this great chapter will be read by the 
same simple means. 

I have confined myself to-day to the discussion of the character- 
istics of the simple geological fold as reduced to its most elementary 
terms of arch, trough and unbroken septum; for this being clearly un- 
derstood, the rest naturally follows. But this twisted plate is really the 
key which opens the entire treasure-house of the new geology in which 
lie spread around in bewildering confusion facts, problems, and conclu- 
sions enough to keep the young geologist and other scientific men busi- 
ly at work for many a long year to come. 

Into this treasure-house I often wander myself, in the few leisure 
hours that I can steal from a very busy professional life; and out of it I 
bring now and again heresies that sometimes amuse and sometimes hor- 
rify my geological friends. As you have so patiently listened to what I 
have already said, perhaps you will permit me in a few final sentences to 
indicate in brief some of those novelties which 1 see already more or 
less clearly, and a few of those less novel points on which it appears to 
me that more light is wanted. My excuse is two-fold — first, to furnish 
material for work and controversy to the young geologists; and second, 
to obtain aid for myself from workers in other walks of science. 

The account of the simple rock-fold I have already given you is of 
the most elementary kind. It presupposes merely the yielding to tan- 
gential pressure from front and back, combined with effectual resistance 
to sliding. But in the layers of the earth-crust there is always, in addi- 
tion, a set of tangential pressures theoretically at right angles to this. 
The simple fold becomes sl folded fold, and the compound septum twists 
not only vertically but laterally. On the surface of the globe this 
double set of longitudinal and transverse waves Is everywhere apparent. 
They account for the detailed disposition of our lands and our waters, 
for our present coastal forms, for the direction, length, and disposition 
of our mountain-ranges, our seas, our plains, and lakes. The compound 
arch becomes a dome, its complementary trough becomes a basin. The 
elevations and depressions, major and minor, are usually twinned, 
like the twins of the mineralogist, the complementary parts being often 
inverted, and turned through 180'' (compare Italy with the Pa- Adriatic 
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depressioD). Every upward swirl and eddy has its answering downward 
swirl. The whole surface of our globe is thus broken up into fairly 
continuous and paired masses, divided from each other by moving 
areas and lines of mountain making and crust movement, so that the 
surface of the earth of the present day seems to stand midway in its 
structure and appearance between those of the sun and the moon, its 
eddies wanting the mobility of those of the one and the symmetry of 
those of the other. In the geology of the earth-crust, also, the inter- 
crossing of the two sets of folds, theoretically at right-angles to each 
other, gives rise to effects equally startling. It lies at the origin of the 
thrust-plane or over-fault, where the septal region of contrary motion 
in the fold becomes reduced to, or is represented by, a plant of contrary 
motion. It allows us to connect together under one set of homologies 
folds and faults. The downthrow side of the fault answers to the 
trough, the upthrow side to the arch, of our longitudinal fold; while the 
fault-plane itself represents the septal area reduced to zero. The node 
of the fault, and the alternation and alteration of throw, are due to the 
effects of the transverse folding. 

These transverse folds of different grades, which affect different layers 
of the earth -crust differentially, account also for the formation of lacco- 
lites, of granitic cores, and of petroiogical provinces ; and they enable us 
also to understand many of the phenomena of metamorphism. 

Of the folds of the third order I shall here say nothing ; but I must 
frankly admit that the primal cause of all this tangential movement and 
folding stress is still as mysterious to me as ever. I incline to think 
that it is due to many causes — tidal action, sedimentation, and many 
others. I cannot deny, however, that it may be mainly the result of the 
contraction in diameter of our earth, due to the loss of its original hf at 
into outer space. For everywhere we tind evidences of symmetrical 
crushing of the earth-crust by tangential stresses. Everywhere we find 
proofs that different layers of that crust have been affected differentially, 
and the outer layers have been folded the most. We seem to be dealing 
not so much with a solid globe as with a globular shell composed of 
many layers. 

Is it not just possible after all that, as others have suggested, our eaith 
is such a hollow shell, or series of concentric shells, on the surface of 
which gravity is at a maximum, and in whose deepest interior it is non- 
existent? May this not be so also in the case of the sun, through whose 
spot eddies we possibly look into a hollow interior? If so, perhaps our 
present nebulsc may also be hollow shells formed of meteorites ; on the 
surfaces of these shells the fiery spirals we see would be the swirls which 
answer to the many twisting crustal septa of the earth. Our comets, too, 
in this case might be elongated ellipsoids, whose visible parts would be 
merely interference phenomena or sheets of differential movement. 

In this case we have represented before us to-day all the past of our 
earth as well as its present. Uniformity and evolution are one. 

Thus from the microscopic septa of the laminae of the geological for- 
mations we pass outwards in fact to these moving septa of our globe, 
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marked on land by our new mountain -chains, and on our BhoteB by our 
active volcanoes. Thence we sweep, in imagination, to tbe flery eddies 
of the sua, and tbpnce to tbe glowing swirls of the nebulR ; and so out- 
wards and upwards to tbat most glorious septum of all the visible crea- 
tion, the radlent ring of the Mllkj Way. 

Prof, George Darwin, In his address to the section of matbetnatlcal 
and physical science at the meeting of the British Association at Birm- 
ingham in 1888, with all the courage of genius, and tbe authority of one 
of the sons of tbe prophets, ackoowiedged that it seems as likely that 
"meteorology and geology will pass the word of command to coBmical 
physics as tbe converse." Behind this generous admission I shelter 
myself. But I feel absolutely confident that long after the physicists 
may have swept away these provisional astronomical suggestions as 
"the baseless fabric of a vision," there will still remain in the treas- 
ure-house of the geological fold a wealth of abundant material for the 
use of the mathematician, the physicist, tbe chemist, the mlneralogtst, 
and the astronomer, of the deepest interest and of the highest value. 



EDITOEIAL COMMENT. 

Qeoloqical Reminiscemcbb of Rochestbb in 1892. 

a— Geology at Rochester. 

b— ExcursiOD to the "Pinnacles". 

c— " " " Niagara Quarries. 

d— " " " Gorge of the Geoessee. 

e— ■' " Niagara Falls. 

f— ■' " the Salt-well at Livonia. 

g — " " Irondeqiioit Bay and Lake Ontario. 

Apart from the papers and discussion the recent gathering of 
geologists at Rochester was noteworthy. Though Rochester is 
one of the large and old established cities of the Empire State, yet 
the American Association for the Advancement of Science had 
never before met there, and the recent gathering and its success 
are in great part due to the judgment and activity of Prof. Fair- 
child, of the university, aided by the local committee. 

The region around Rochester la one of considerable geological 
interest and several of the special points were visited by members 
of the Society and of the Section during their stay. This part of 
the annual gathering seeou to be aasaming more and more prom- 
inence — a fact scari'iily to l>e rcgri-tled. To most of the visitors 
as much advaotngc may be gained by scoing a new locality aa by 
spending llMkM||^^[lthla four walla. Geology is an outdoor 
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science and its successful propagation is likely to be successful 
in proportion as its study is prosecuted in the field. Possibly 
short excursions in the neighborhood of the place of meeting, 
preceded and accompanied with careful description and explana- 
tion, may form in time a regular part of the program both of the 
Geological Society and of the Section. Such excursions would be 
specially adapted to interest the younger members and to bring 
them into active work. 

Be this as it may, however, the excursions were interesting and 
profitable parts of the Rochester meeting. One afternoon a party 
with Mr. G. K. Gilbert, a native of Rochester, as guide, went to 
the Pinnacle hills, about two miles from the city, and examined 
their structure as it was shown in a large gravel pit. Here could 
be seen stratified sand overlain by gravel and shingle — true 
northern drift — and this again by till laden with large and small 
stones, many of them smooth and striated. Great irregularity 
was seen in one place where the bedded material had been dis- 
turbed apparently soon after its deposition. Several slight faults 
with small downthrow to the northeast were visible at various 
points and at the northeast end all signs of stratification ceased 
and the hill consisted of a confused mass of gravel and sand 
overlain by till. Numerous large and unworn blocks of Niagara 
limestone were scattered through the hill and had been brought 
frou) the outcrop of the same stone at a much lower level a few 
miles off. 

The visit formed the topic of an interesting discussion next 
morning, though some objection was raised by a few to this in- 
terruption of the program. Probably the objection can in future 
be obviated in such a case without causing difficulty. 

Another excursion was made to the quarries in the western.part 
of the city under the leadership of Prof. Arey of the high school, 
who has apparently collected more Niagara fossils from the region 
than any one else in the city who took part in the meeting. These 
quarries cover many acres of ground and the stone has been ex- 
cavated to the depth of twenty feet or more. The Niagara is here 
a dark grey limestone yielding few fossils among which Stroma- 
topora concentrica is by far the most abundant. All are in a bad 
state of preservation, existing as casts alone. The characteristic 
minerals were found in plenty or bought from the boys; such as 
dolomite, selenite and other forms of gypsum, blende, etc. 
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The excursion to Portage and Mt. Morris proved exceedingly 
pleasant and instructive. Running alongside of the beautifnl 
gorge of the Genessee the geologists could not fail to be struck 
with the immense work that had been done by the river during 
post-glacial time. Miles of canyon, hundreds of feet in depth, 
passed in review as the country rapidly rose toward the higher 
table land of central New York. At the head of the gorge was 
seen the cutting-engine at work under the Erie viaduct in the 
form of the Upper Fall, which is continuing the task of excava- 
tion to the southward. A few miles lower down the Middle Fall, 
as a second cutter, is following suit and deepening the groove 
while the Lower Fall, hidden in the forest and accessible onl}' 
with difficulty, is slowly coming up stream in the -wake of the 
other two, and completing the work. Below these three follows 
a run of comparative peace until the river reaches Rochester and 
throws itself over the great Silurian escarpment where another 
series of falls exists and another consequent canyon is in course 
of excavation. 

The party were received and hospitably entertained by the citi- 
zens of Mt. Morris at dinner, after which carriages were in wait- 
ing which took them to the winding and most picturesque part of 
the gorge about two miles from the town. Here a very fine view 
was obtained over the country. The Genessee has cut since the 
Ice- Age a serpentine groove through the shale several miles long 
where the cataracts once existed which have now receded up stream 
to Portf^e. The river here flows several miles to accomplish 
what in a straight line is only a short distance. At a jjoint just 
above Mt. Morris it is proposed to erect a solid dam of masonr\' 
130 feet high across the river and pond, back the water for eleven 
miles, forming instead of a canyon a winding narrow lake 150 
feot deep at its lower end and gradually shoaling upward. The 
plan is intended to equalize the flow of the Genessee, holding 
back the water in floods and supplying more effective and constant 
water power to Rochester and other towns along its course. Its 
effect on the scenery of the valley may not be improving but in 
this utilitarian age few stop to consider this aspect of the under- 
taking. A hasty stop at the salt-works concluded the day's ex- 
cursion. 

Another party and a large one spent the day at Niagara chiefly 
to enjoy the scenery and the change. Here also they were well 
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entertained, and the visit was highly appreciated, but the ground 
is very familiar to nearly all and any description would be super- 
fluous for geologists. 

The other Saturday excursions were intended chiefly for botan- 
ists and pleasure seekers. We need not say that they were well 
attended and enjoyed. 

A special party, led by Prof. H. T. Fuller, afterwards made an 
excursion to the new shaft drilled for salt at Livonia. In spite 
of the extraordinarily low price at which salt is now eold there is 
apparently a profit in its manufacture as the works are being en- 
larged and extended in every direction. 

Irondequoit bay and its preglacial valley and the beaches of 
lake Ontario were visited and investigated by special parties who 
chiefly made their own arrangements. Nothing but a visit can 
give adequate ideas of this monument of the Ice- Age standing in 
bold relief on the very edge of the Ontarian basin, and to glacial- 
ists few excursions could be more useful or interesting. But a 
lengthy description would be of little use and might even become 
tedious. The general features are familiar. The ^^ridge road" 
occupies the old sand beach under which lies a lower one of 
coarse shingle chiefly composed of Medina sandstone mingled 
however with northern drift. Below the last and entirely con- 
cealed by glacial deposits is the ancient buried cliff, of hight un- 
known, which once formed the southern bluff of the Ontarian 
valley before the lake existed. Heavy deposits of silt and of 
morainic matter flll the inlets up to the level of the ancient 
outflow point where the waters of the lake escaped when the 
present channel of the St. Lawrence was blocked. These facts 
and the lessons which they can teach of the varying hight of the 
water and possibly also of the land lent great interest to the va- 
rious lake excursions and were to geologists exceedingly instruc- 
tive. All, whether geologists or not, fully appreciated the kind- 
ness of their Rochester entertainers, and the aid kindly given 
them by several of the railway companies whose lines run to 
Rochester. 

Ward's Nattteal Science Establishment. 

Not the least among the attractions of Rochester to the geolo- 
gists belonging to the Association was the establishment of Prof. 
Henry A. Ward. From a small beginning, thirty years ago, this 
museum factory has grown to immense size. The earliest collec- 
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tion made by its founder was purchased about twenty-eight years 
ago by the University of Rochester and now adorns its cases and 
supplies magnificent material for illustration. In few places can 
be found finer or larger specimens of some of the minerals there 
exhibited. Enumeration would be tedious, but the eye of even 
the cursory visitor, whether geologist or not, must be arrested by 
the splendid crystals of Cornish fluorite, Cinghalese graphite, 
blende and haematite from the north of England, and septaria of 
large size, cut and polished for ornamental purposes, from the 
upper Mesozoic beds of the coast of the English channel and from 
Mt. Morris, N. Y., while almost unique in its singularity and 
beauty is a large specimen of crystalline (?) anthracite in the form 
of curved blades of cone-in-cone from South Wales. 

On the palaeontological side of the collection may be seen one of 
the finest sets of European Ammonites on this continent, with 
large suites of fossils from various countries and from many dif- 
ferent horizons, which are of immense value to the student for 
purposes of comparison. 

At the time of the purchase little had been done in American 
geology outside of New York state. The treasures of the great 
West were unknown and the East was almost unexplored. Hence 
this collection and most of those made at a similar date were 
composed, in great part, of foreign material. But additions have 
since been made and are being made as the department grows, 
and American palaeontology has now a fair representation. The 
whole collection has recently been rearranged by Prof. Fairchild, 
and is in excellent condition. 

It was the gathering of the specimens now in the museum at 
the University of Rochester that started Prof. Ward on his career. 
From that day onward he has been engaged in the task of collect- 
ing. No labor, pains or expense has been spared in reason, and, 
we fancy, sometimes out of it, to increase the value of his stores, 
and now his museum and laboratories are unequalled in America 
and scarcely, if at all, surpassed in scale in the world. It is dif- 
ficult to ask for specimens, excepting, perhaps, unique or almost 
inaccessible forms, without having them at once laid before yon. 
The writer has tried, and speaks from experience. Prof. Ward 
has visited almost every part of the world in search of material 
and is often somewhere in foreign parts seeking what he may ob. 
tain bj wajhw^&t endiaiige. His aim is to get all material 
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from the typical localities so as to insure authenticity. He visits 
these places and secures collectors whenever possible, often men 
who are poor in money but enthusiastic in their work. From 
these he receives consignments year after year, thus keeping up 
the intercourse and the engagement. In some cases he finds it 
necessary to advance the funds for an expedition in search of 
the material wanted, and it is pleasant to learn that very rarely 
has the confidence been betrayed. 

Prof. Ward returned from a long tour of this kind during the 
meeting of the A. A. A. S. , bringing with him or sending on great 
quantities (over 200 cases) of minerals and other supplies. Here 
was stibnite from a rich Japanese locality, only discovered lately, 
luxulyanite (schorlaceous granite) from the typical region at Lux- 
ulyn cove, Cornwall, and polished serpentine from the classic 
Lizard Head, slabs of flexible sandstone (itacolumite) from Bra. 
zil, large blocks of ripple-marked sandstone from the quarries at 
Berea, 0., basaltic columns from the Giant's causeway, and 
large calcites from the old but seemingly almost exhausted beds 
of Iceland. 

Add to these syenite from the original Egyptian quilrries at 
Assouan, dolomite from the Tyrol, liparite from the Lipari isles 
and hundreds of slabs of polished marbles from most of the well 
known marble quarries of the old and new worlds. 

All these, when received, are carefully studied, determined and 
mounted. Labels are printed for the minerals showing the name 
and locality, with formula of composition, crystalline system and 
the number assigned in Dana's < ^Mineralogy. " It is needless to 
point out how much, by this care, the teaching value of the spec- 
imens is increased. 

In this connection should be noticed a school collection contain- 
ing 120 specimens, which is amply sufficient for elementary work 
in the hands of a good and competent teacher.* Such a collection 
should be in every school in the country, above the lowest 

grade. 

Prof. Ward's personal pet at present is his collection of meteor- 
ites of which he now has about 164 **falls." One of these from 
Queensland had cost, he said, $1,020, and another that fell in Can. 
ada, only weighing a few ounces, was destined for the Royal- 
imperial museum at Vienna, where Dr. A. Brezina wanted it as a 
type of a kind not yet possessed by that immense collection. 
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Money is evidently not the first conaideratioa at Vienna in secar- 
iug objects of Bcientific value. 

The worth of a met«orite, Prof. Ward explained, is often in 
inverse proportion to its size, becanse, if large, there is abund- 
ance of the material for all, whereas if small it must be used eco- 
nomically. Large meteorites are usually sliced for purposes of 
study, and a small set of gang saws was slowly cutting its way 
through one of these bedded in plaster, in an adjoining workshop, 
at the rate of one-eighth of an inch a day. 

Not a few of the most interesting meteorites have been modeled 
and are on sale together with imitations of many of the great and 
famous but unique gems of the world. These latter arc mostlyot 
glass and are exceedingly beautiful, while for purposes of illustra- 
tion and of teaching they are, to all intents, as useful as real gems. 

Another importaDt element is a large collection of working ma- 
terial, which is sold by the pound for the use of students and 
chemists. This is sufficient to illustrate the chemical properties 
of the minerals; while for the optical and other physical proper- 
ties other sets are kept in stock. These are purchasable at prices 
that render it possible to use them for class purposes. Ores, also, 
of all the common kinds are kept for the same uses. 

One verj' important and interesting departmeut which has been 
conceded to Prof. Ward by the U. S. Greological Survey, is the 
construction of models of many interesting and important regions, 
such as the Oorge of the Colorado, .^tna, Vesuvius, the ClilT- 
dwellings of New Mexico, eto. An excellent model of the Serp- 
ent mound in Ohio was constructed during the meeting for the 
illustration of an address by Prof. Putnam before the Section of 
Anthropology. 

The value of this kind of work is not at all appreciated at pres- 
ent by teachers at lai^e. Only the few can see its helpfulness. 
But we hope the day is not very far distant when geography as a 
science will take its proper place in education — when the teach- 
ing of this subject will cease to be a mere burlesque, a memory 
task of names and details, and become, as it can be and should 
be, one of the most interesting and useful of atl oar youthful 
studies. Then will our edooators awaken to the value, or rather, 
the net.'i'saity of such helps n;^ these, and relief maps und globes 
will be a.-j much things of course in the school-room as ttiey are 
in the schools eLS|dfldtU*l <iud of tiermany. 
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But time would fail to tell of the many objects of interest that 
can be found in this museum, and we must limit ourselves to 
things geological. 

One peculiar feature in this collection, original with Prof. 
Ward, who himself once held the professorship of natural sci- 
ence in Rochester University, is the collection illustrating geo- 
logical phenomena, many fine specimens of which may be seen in 
the University Museum. Mud -cracks, stylolites, cone- in -cone, 
fulgurites or lightning tubes formed in sand, lavas of many kinds, 
dendrites, volcanic bombs, folded gneiss, etc. , are all illustrated 
by abundant and excellent specimens. Add to these the collec- 
tion of lithological specimens from the original localities, well 
labeled and showing on the back the geological section from which 
they each came, and its exact horizon in the section, and it is 
easy to see the great labor that has been spent in the preparation 
and elaboration of the material and its adaptation to the purpose 
of instruction. 

Prof. Ward is naturally full of experiences. No man could go 
about the world so far and so often as he has been and on such 
an errand, without meeting with these. A mass of **gr68 lustr6" 
was snatched from the bank of the Uruguay during a momentary 
stop of the river steamer, hauled on board and saved, to the as- 
tonishment of the fellow-passengers who came to the usual con- 
clusion in regard to this **crank." The pumice gatherers of the 
Lipari isles laughed with undisguised contempt at the ^^fool" who 
drove down to the shore mules laden with obsidian, <*worthle8s 
stuff" and neglected the commercially salable pumice. 

Many of the museums of this country have been enriched by 
the labors of Prof. Ward, notably the museum of Comparative 
Zoology at Cambridge, where are several almost unique skeletons 
of the gigantic fossil mammalia, especially those from the wide 
pampas of Argentina, whose Tertiary gravels have yielded so 
many huge fossil sloths, etc., since the time when Darwin visited 
that country and made the world aware of the wonderful treas- 
ures that it contained. The Cambridge museum possesses Mylo- 
don, Gltfptodon, Lestodon, Skelidotherium and Toxodon, the last 
Becured for Agassiz by a costly, urgent telegram sent by Prof. 
Ward from Buenos Ayres; $5,000 purchased the treasure in spite 
of the kw against the exportation of these fossils, which was 
engineered through the Argentine Legislature by the well known 



260 The American Geologist. ocwi»r, w&s 

geologist, Burmeister, then cnrator of the museum at Buenos 
Ayrea. Forgetting tiie cosmopolitan generosity that should char- 
acterize science, he descended into the field of politics and 
attemptj^ to exclude the students of other nations from the ad- 
vantages which South America poaseesed, but could only imper- 
fectly use. Fortunately, this selfieh law never was, and perhaps 
could not be enforced. In the wholesale exportation of bones that 
was continuously going on for the manufacture of phosphates it 
was not to be cxpect«d that the custom-house officials could dis- 
tinguish those of Megalhtrium and Skeltdotherium from the more 
common place bones of Boi and Eqiiu* or perhaps of Homo, even 
had they wished so to do. 

It is a treat to go through the museum with the professor when 
he is, as now and then happens, disengaged for a short time and to 
listen to the reminiscences suggested by this or that specimen. A 
fine piece of erokidolite elicited the story of a visit to Griijua- 
land, the only Icaown locality for the mineral, and a prowling ex- 
cursion to the stone kraals of the natives with hammer in hand. 
Selecting those that contained the mineral as discovered by strik- 
ing off a chip, the naturalist (what the Griquas call him is of no 
consequence here) pulled down the fence, took out the slab of 
erokidolite and either built up the wall again or left it for the 
owner to restore, as seemed to him advisable in regard to the 
future. 

A portion of a Ijasaltic column recalled a visit to the cele- 
brated Giant's causeway, where in the chalk underlying the basalt, 
some magniRcent specimens of Ventriculites (paramoudras) were 
secured by sending a man with a wagon through the countrj' to 
beg or to buy them, as the case might he, from the country-folk, 
by whom they are used as posts or ornamental stones and for a 
variety of other purposes. One of these stood eight feet high in 
the chalk pit where it was found, and another now in Rochester 
and almost perfect, measures three feet. 

Not tlie least debt which the geologist or the natnraliat In gen- 
eral owes to Prof. Wartl is one for the generosity with which he 
is willing to allow students to consult his specimens for purposes 
of compiiriaon and of work. In few places can a better oppor- 
tunity tje found because the specimens an; not usually mounted 
and act for purposes of show so that they ontiuot hf liandlt-d. but 
they are in the rough, natural condition. Ask for oue and in a 
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minute the creature lies before you and you can examine almost 
every part of its structure inside and outside. In this way in- 
valuable assistance may often be obtained by a worker who is 
unable to buy or perhaps, in consequence of their size, unable to 
keep the bulky specimens which he nevertheless desires to con- 
sult or to compare. 

All this fails to give more than a scanty account of the treas-i 
ures that the geologist can see at Rochester, and no mention has 
been made of other lines of study in which equally rich stor^ of 
material are kept. Ornithology, ichthyology and all the branches 
of zoology including human anatomy are comprehensively repre- 
sented, and from a whale to a lancelet, from a humming-bird to 
an eagle, the museum is able to meet at once almost any call that 
may be made upon it. Ward's Natural Science Establishment is 
the Mecca for the American geologist and naturalist and a pil- 
grimage there is a sure profit and a joy. 



REVIEW OF RECENT GEOLOGICAL 

LITERATURE. 



An Introduction to the study of the Oenera of Paleozoic Brachiopoda, 
Part I. By James Hall, assisted by John M. Clarke, Albany, New York, 
1892. The work before us is the first part of Vol. viii. Paleontology of 
New York. In this and the succeediag volume, which will be part two 
of Vol. Yiii, Paleontology of New York, the veteran paleontologist of 
America designs to set before the student the present knowledge of the 
genera of that most common and most interesting group of fossilf , the 
Brachiopoda. Necessarily the discussions and illustrations of these 
volumes are limited to Paleozoic bracbiopods. As usual, the class 
Brachiopoda is divided into two orders, and for these tbe author uses the 
simple and convenient terms proposed by professor Huxley, the Inartieu- 
lata and the Articulata. To the definition and general discussion of the 
geoera of the Inarticulata the author devotes 183 pages; while 18 plates 
are occupied by generic illustrations of the same group. The remaining 
portions of the volume, about 170 pages and 29 plates, are given to the 
forms usually referred to the three closely related families, Orthida, 
Strophomenidoi and Productidai. The 8pire-l>earing brachiopods, the 
BhynchaneUida, Pentamtrida and Terebratuloid forms, will be discussed 
in the second pact of the volume. No attempt is made to arrange the 
genera either of the Articulata or Inarticulata in groups having the 
of soob^cal families. 

in wJlicli the author treats the genas Orthis will illustrate 
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the method of the work Id general. We have first, in chronologlatl 
order, references to publications, particularly thoie of American authon, 
in which the geuus U recognized. As a bibliography this feature of the 
work will provQ of great value to student*. Following the bibliography 
is a di'ignotit of the genua. Variations In the external and internal 
characters of forma heretofore referred to the genua are discussed. The 
original type is considered, O. taliaetU and 0. caliifframnn being selected 
^rom the species cited by Dalman as the only available types of the 
geSuB. The most common American form of the same type U 0. triofn- 
ari^ Limiting tbe genua Orthit to such forms, there remains a vast 
assAiblage of heterogeneous apeciea, that have been referred to Ofthii 
by various authors, to be disposed of In some other way. These are dis- 
tributed among a number of genera, for a large proportion of which 
new names are proposed. For example we have PUelorthi* to include 
the group of 0. p/t'M(fWa,Z)i«orWigforthe group of 0.pectinMa,Plir»iom]i* 
for the group of 0. xubquadrata, Ile'iertell'i for the 0. tiauatii group, 
OrthottropMii of which 0. itrophomenoittt* is the type, Platyitrophin for 
the group Including 0. bifornta, Htterorlhit to include 0. clytie and Ita 
relatives, BiMiitn for 0. bilobt, Dalnuinelia for the group resembling 0. 
textiidiniiriii, lihipiiiomellti for the group resembling O. miflielini, Srhiiii- 
phori" for the group of O. rftupituitii . Orllioticliin for O, T morganiana, 
and Entdetet to Include the species best known In America aa Sj/ntrUl- 
atmii hemiplirala. After some further general dlacuesion of this group 
we find a list of species that ehoiild be Included under each of the 
generic names. There is also a tabular arrangement showing the geo- 
logical range of each of the generic aubdiviaions. Only a few of the old 
genera afford opportunity for such extensive subdivision as Orthit. 

The genua StT&phomenn is limited to the forms agreeing In structure 
with that recognized by de Blainville and Defrance as the 8. rugota of 
Raflneaqiie. Ah so limited it would include such concavo-convex species 
aa have been, in recent pa leonlo logical literature, referred to Strrpto- 
rhyjichtis planiimbonti, S. fllilfrln, etc.; while the 8lrophom»na alUmala, 
that usually holds an honored place among the earliest possessions of 
the embryonic paleontologist, la not a. litroph -mena at all, but must here- 
after bo paraded under the new generic name of Ii-ifinf$guiiiii. The rigid 
application of the rules of nomenclature doubtless re((Ulres such changes, 
but tbe uu^ieltling of long establisbed terms U eomething always to be 
deplored. It would certainly be of great advantage to the taxonomlc 
sclencea, it aname, once in use and generally recogniied as having a 
definite application, could be retained by tbe action of aome "statute of 
limitation," not with standing the fact that Indiscreet enthusiasts, rum- 
maging in the duaty comers of obiivloD, may bring to light some long 
forgotten name that hid once been applied to the aame thing. 

For Strophodontii the present work revives the original and more cor 
rect formnii "■. /..■.,.■.■'.■.■,'•'. 'I'Im' ui'H.Tii riinn", .i/.nultu, proposed by 
Barrande in IWL', mii! m.,.-! i>ii fis'i-' ■-'Tj nf iin- ].r,-^i.iit volume, is inad- 
missible ai-nonling til ■■■u-'u-i nil-^ of nomenclature, since JT^mHlii* has 
long been employrO to ,),'«i|j;riai>.> n ;:>'nii> of Ublate (ilftnta. 
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The work before us represents an inconceivable amount of piiinii-tak 
ing labor. The determination of the internal charactonR of the multitud 
inous species of Paleozoic braf- hlopods Is something from whioh pornonii 
less enthusiastic and less gifted than the eminent author ml^ht woll 
shrink. The work has been in hand more or less continuously for nion^ 
than twenty years. That it Is at last practically completed U somothltig 
for which professor Hall deserves to receive the thanks and con^ratu 
lationa of paleontologic students. 

The fulness with which each genus is Illustrated adds Incalculably to 
the value of the volume. 

Development of the Brachiopoda* Part T, IntroduHion. (Am Jour. 
Scl., vol. XLi, 1891, pp. 848-857, one plate.) Part if. Claimiflriition of the 
Stages of Chrowth and Decline, (Ibid. vol. XMV, 1892, pp. 1 88' 18ft, onn 
plate.) By Charles £. Beecher. 

The object of these papers is to apply to the Bracbiopoda ** the law of 
morphogenesis as defined by Hyatt.'* No one of the classification s hereto- 
fore proposed is established upon fundamental principles but all are based 
on one set of secondary characters for certain groups snd another set for 
other sections. The Brachiopoda, until 1888, had only been divlrled Int^i 
two sections, the Lyopomata and Arthropomata of Owen, or the Inartlcu 
lat% and Articulata of Huxley. When we consider that there are about 
5,000 known species of brachlopods, arranged lo over 270 genera, occur 
ing in the oldest ubdonbted fossiliferous rocks and down Uy the present 
time, it certainly seems as If the cla»s should be capable of further 
separation into large groaps or orders besides thf^se bMed M\i*m the 
presence or aljseoce of an articulating pro<'eiis. In that year, \>f, 
M'aagen in his ^reat work on the Bracbiopoda of the Halt flange of 
India, further divided each section into three sutiorders, Whllf* this 
classification brought together, more or less c/rrectty, famflfes having 
relations to each <^ither, yet no far reaching attempt was ma/le U/ show 
the genesis of the class in the application of the principles of phylogeny 
and ontogeny. In the aU^ve mentioned papers f>r. Beecb^r t»aa appll^ 
the •principle's of grr^wth; acceleration of devek/funeot; mechanl^ral 
genem and geologic se^juence of genera and speden,*' The develop 
meat of ancient •peci^ in their adult c^tnAitX/m repre«#t»tA oealz/gk 
(jGiithfa«> or nepiooic tyoong; Atage^ of lat^-r f'frm%. 

The fir*t or embrr^^ir %hell li alike in all Bra/rhip^^da, e*r*r|4 wh^fe 
modliSed Sv ar:^e!erafed der<'I^,pment, It having \^^u of/ien^*^ l^jr the 
anth'vr i& ariOr«* f^rty gK&era, T^%,fA^uiiut^ n^-nriy nil tr.e \0'%AHf% famri 
lief of th* rIaiM- T"n:*. ti*- fr** ^hell ^.a/e, he ha* t/rmM f r,e * pr^'Xe-g 
«lnm~ aii'i ;* iom-o'.'/T'/r.* w:ti 'xe ^ yrtfj^fit^xT of ^r^etv irk 'epftaV>- 
|H«U an^ r*.*^.''.p<i^* at: 'he prr/tr^^x;/,*/!'. '/f ivk^.r. '.f, ^l^.y^Am, 
^r^Xf-r'^.TT. U *'/',Tr.e<*»v* ar.^ Iflr.p^rf'.rtf*, <erm; '/ir^-i^ar 'W ^^rmi 
u li .•.-l;r-*»:- »:•-- a «f-fa.'jrr.* '.r *rr*.a.v aiftr* /rjie' *a4 wt- .-•mg* 
r T-* -rr^O'.'Tpe pr*^e--:!r.jr •ir-.ir*.^'it '."^-e •Je-reirfi^men- •;-,* 
f *ar i r*^ '. f • i> ;,?'♦•> r . . . r. . tf.*: ♦ i/.m . r* / -v* » ♦ ^race vr -t ^ *<i v ^. 
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BillingH, which has beeo refeiTed to Ktttorgina by autbore. TbU 
specie 8 Is shown to be generically distiDCt from Kutorgina etagubOa, 
aod for shells of that type the term Palerina Is proposed. The prot^- 
ulum Is usually "pate rloa-sh sped," jat In Orbicuioidea and Bitciniica It 
Is modiQed by accelerated growth "becoming more circular, and wtUi 
shorter and more arcuate binge In the ventral vbItc." 

The author then explains in a clear and concise manner the " modlfl- 
cations from accelerstion; differences in the valves and genesis of form" 
all of which is of the greatest importance to biologists and paleontolo- 
gist^ The "types of pedicle openings" are then considered, of which 
tber^are four, and these are shown to be of general application to all 
brachiopods. Lyopomata and Arthropomata are each divided into two 
orders. The first into Atremata, iu n hich the pedicle ''in all stages of 
growth emerges freely between the two valves, the opening being more or 
less shared by both," and Neotremnla, where the pedicle is "more or leas 
surrounded by progressive nealogic growth posterior to the Initial hinge." 
The Atremata contain Obolella, Trimeretla, Lingula, etc., while the Neo- 
tremata have such geneta as Ditcina, Acrotrcla, Tremntit, Crania, etc 
The Arthropomata are divided into PTotTtmata and Telotremata. The 
pedicle in tlie former "Is enclosed in early nepionic stages by shell 
growth; posterior covering (pspudo-deltldium) retained at maturity, or 
resorbed or abraded in nealogic stages, so that the pedicle protrudes be- 
tween the two valves," Types of this order are Orthiiina, Strophomena, 
Praduetui, Orlhia, Penlanitrus, etc. The Telotremata are distinguished 
in that the "pedicle opening [Is] shared by t>oth valves in nepionic 
stages, usually coufitied to one valve in later stages, and becoming more 
or less limited by two deitldiai plates in ephebolic stages," This order 
contains the Rhynchonpiildit, Spiriferidie and Terebratuiida'. These 
four orders are again divisible into natural suborders, and to these the 
majority of the names proposed by Waagen will be applicable. 

Part II. treats of the "classili cation of the stages of growth and de- 
cline," The author gives in a condensed manner all the hnown embry- 
onic and larvel stages of brachiopods from the ovum to the first shell 
stage. Of these there are six for which he adopts the terminology of 
Hyatt, and gives of each one or more illustrations. For comparison with 
the bracbiopode four figures of embryonic stages of 5pi'r(?rftM6o«alM are 
added, but tbe author says "it is not intended by this to Indicate a close 
relBtionship with the cbtetopods. for the writer is inclined to acceptthe 
opinion of Joubin, that the brachiopods constitute a distinct and inde- 
pendent class." 

The larval and later stages of Thteidium, as given by Kovalevski, ar« 
shown by Dr. Beecher to be genetically relat«d to the Strophomenlda 
rather than with the Terebratulldtt, to wblch Mb» family Thecidllds !■ 
usually referred. Heretofore the I'rotremata, or atrophofneuoids, havs 
been regarded as extinct with the close of the paleozoic age, but now J 
this or<ler is Icnown to have lived from its inception up to the present J 
time. i 

Aluch value, heretofore, wiu not plaaAAjUIA^W'B °^ ^^ covering 
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to the pedicle openiog, or delthyrium^ as It has recently been termed by 
Prof. Hall, whether it is of one piece, the "deltidlum," or composed of 
two pieces, the Meltidial plates.'* It is here shown ^*that the deltidium 
in all species possessing it (the Protremata) is an embryological, or ne- 
pionic feature, which may or may not continue to the ephebolic period; 
while the deltidial plates in other brachiopods (the Telotremata) appear 
later during the nealogic and ephebolic period, or may never be devel- 
oped.*' The deltidium *'is a shell growth from the dorsal side of the 
body [in the typeembryo stage] which afterwards becomes attached to the 
ventral valve, and is then considered as belonging to it," while the delti- 
dial plates first commence to grow out from each side of the delthyrium 
during nealogic growth, and are secreted by the ventral mantel lobe; a 
fundamental difference. 

The presence of a dorsal anal opening in the Lyopomata and its absence 
in recent Anhropomata the author admits is difficult to explain, its so- 
lution depending '*upon whether the class is to be considered as pro- 
gressive or degraded." In Silurian, Devonian and Carboniferous deposits 
forms occur belonging to the Protremata and Telotremata in which there 
has been observed a dorsal foramen, the '* visceral foramen" of authors. 
••This character," he says, "is evidently in no way connected with the 
pedicle opening, but points to the existence, in the early articulate 
genera of an anal opening dorsal to the axial line, as in the recent Crania. 
* ♦ ♦ In reference to this character and the obsolescence of the eyes 
the class must be viewed as retrogressive since paleozoic time. * * * 
Progressive in concentration of posterior elements, expansion of anterior 
elements, and limitation of pedicle opening to one valve." 

The post-embryonic stages are then defined, also giving examples and 
figures of the "nepionic [young], nealogic [youthful], ephebolic [mature], 
and geratologic [old age] periods." 

"Another aspect of growth and decline is manifest when the size of 
individuals and the chronological history of the groups are taken into con- 
sideration. Each genus and family began with small representatives, 
and rapidly developed the more radical varieties of structure. Then 
came the culmination and final reduction in size, with abundance of 
geratologous and pathologic forms. * * * The culmination of gera- 
tologous growth results in the revt-rslon of the animal to its own nepionic 
period and is called the nostologic stage." Among clinologic and nosto- 
loglc genera are mentioned Cutella^ Oaynin, Atretia and Platydia, which 
have lost many of their adult progressive ancestral features and, there- 
fore, represent early stages of growth in other modem species. 

Annual Report of the DepaHment of Mines and Agriculture, New South 
Wales, for the year 1891. This report presents, in a very admirable way, 
the results of mining operations in New South Wales for the annual 
period it covers. In the case of some of the valuable minerals there 
are comparative tables giving the annual output year by year from 1865 
to 1891. The value of the yearly product of minerals by the colony is 
between six and seven millions sterling. The total value of minerals 
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produced to the close of 1891 exceeds ninety-three and a half millions. 
The value of silver and silver ores produced in 1801, exceeds three and 
a half millions, a value greater than all the rest of the minerals together. 
Goal comes next in importance. Its value for the year being about one 
and three-fourths millions. Tin was produced to the value of £271,412, 
while of iron the value amounted only to £86,101. Bituminous and 
kerosene shales have a value in the colony and are mined and utilized to 
the amount of more than 40,000 tons. Indeed some of the coals, if we 
may judge from the analyses, are little better than the product linown 
as shales. Of the coal, however, which is all of Mesozoic age, more 
than 4,000,000 tons were raised during the year covered by the report. 

There are detailed reports on the several mines and mining districts. 
There are tables showing number of men employed in mining, and 
number of accidents that occurred during the year. Besides the sub- 
jects usually found in mining reports we find a WaUr Coruervation Be- 
port, which refers to public watering places established on the main 
stock routes of the colony for the convenience of traveling stock. All 
the watering places, with a few exceptions, are under the direction of 
caretakers who collect fees for the privilege of watering animals at so 
much a head. Some of these places are leased; in the case of those not 
leased, the fees are forwarded to the treasury. There are also reports 
from the Superintendent of Oaves, a public office unknown in America. 

In an article in the fifteenth volume of the Journal of the Cincinnati 
Society of Natural History, Mr. J. F. James continues his summary of 
the Palaeontology of the Cincinnati Group, enumerating and reprinting 
descriptions of the species of Stromatopara, 8tromatocerium and Beat- 
ricea,also those of Columnaria among the Actinozoa. The paper will be 
continued. 

The same writer also discusses the preservation of plants as fossils, 
showing how the mere impression of a leaf or other organ may in some 
cases be preserved, though not a vestige of the actual substance may 
remain to be fossilized. 

Mr. Whitman Cross, in the American Journal of Science (July, 1892), 
describes a series of strata in Colorado which fill a part of the gap exist- 
ing between the top of the Laramie (Cretaceous) and the lowest recog- 
nized Eocene beds. " The facts of stratigraphy and lithology show that 
in Colorado the great conformable series of Cretaceous formations ended 
with the coal-bearing Laramie strata. Deposition plainly ceased in this 
region because continental elevation, which had long been in progress, 
tinallv caused the retreat of the Laramie seas." *^ When sedimentation 
again began it was in comparatively small lakes or seas. In the pebbles 
of the Arapahoe beds is the record of the sJow erosion of 14,000 feet of 
strata, from the Laramie down to the red beds of the Trias." 

Then followed volcanic outbursts over a large area, not however nec- 
essarily requiring a very long era for their occurrence. The thickness 
of the Middle Pi3rk.||id>» Uie lower half of which is in great part vol- 
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canic, is 6,000 feet, indicating considerable subsidence during tlioir for- 
mation. 

Tlie author then discusses the evidence for the age of the beds that 
he has described, and says that the arguments drawn from the fossil ver- 
tebrates are not conclusive in either direction, because the age of the 
beds in which the types were found has not itself been decided. Hence, 
to employ them as a test of the age of other strata elsewhere, is in fact 
reasoning in a circle. 

Mr. C. S. Prosser contributes to the Proceedingt of the Roeheiier Aead- 
emy of Science a paper on the thiclcness of the Devonian and Silurian 
strata of Western New York, along the line of the Genessee river, which 
is of present interest as relating to the ground of the meeting of the 
American Association. He briefly sums up the various attempts in the 
early days of American geology to correlate the strata and to determine 
their thickness, and then from a careful comparison of four well kept 
borehole records, deduces the mean and actual thickness of the rocks. 
''Taking'^, he says, ^ the sum of these max! mam estimates, we have a 
series of rocks 6^10 feet in thickness between the base of the Oleao coo- 
glomerate and the top of the Archiean(?). The same section compiled 
from a series of well-records gives a thickness of 7,100 feet. At Kor;h' 
ester the thickness from the top of the Medina to the top of the TreoUm 
is 1,756 feet, and at WolcoCt 1,720 feet. Leaving out of consideration all 
well-records, a conservative estimate of the thickness of this series of 
rocks at Rochester, based on published data, would be from 1,250 feet U^ 
ly500 feet. 
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Paris by Cuvier himself, associated with Alexander Brongniart. In his 
autobiography, Cuvier says, "From 1804 to 1808, the singularity of the 
animals, of which I have discovered the bones at Montmartie, made me 
desire to Icnow with more details the geology of the environs of Paris. 
My friend Brongniart joined me in this worlc. I discovered [after many 
combinations and comparisons of sections of quarries and butts] the uni- 
formity of our strata; and it was I who discovered also, in the forest of 
Fontainebleau, the immense layers of fresh water deposits intercalated 
between marine beds. We published the r^sum^ of our researches in 
the spring of 1808." The title of that important memoir is: Bssai sur 
la g4ographie mirUrcUogique des environs de Farts. 

A contemporary and the author of the first geological map of France, 
the celebrated geologist, d*Omalius d^Halloy, saya of this work: "As 
regards geology, it is the most important of the century, because it con- 
tains the first record of the revolution which has created the present stat- 
utes of that science; that is to say, it first applied paleontology to the 
study of the crust of the earth." 

In 1810 Alexander Brongniart and Cuvier published a second and 
most important edition of their memoir, in which is found, for the first 
time, lists of fossil remains special to each bed or group of strata. 

William Smith, after many years of researches, published, in June» 
1816, his masterly work for English geology of: Strata Identified by Or- 
ganized Fossils; followed next year by: Stratigraphical System of Organ- 
ized fossils ^explaining their use in identifying the British strata. Strata 
Smith, as he was nicknamed by his contemporaries in England, Seems to 
have discovered, as far back as 1795, that each stratum was characterized 
by special fossil remains; and there is no doubt, that in 1799, he wrote a 
tabular view showing ih^ order of the strata and their imbedded organic 
remains in the vicinity of Bath. Unfortunately it remained unpublished 
until his nephew, John Phillips, published his Memoirs of William Smith 
iu 1844; so it cannot be used in a question of priority. 

At that time England and France were involved in constant wars, and 
Cuvier, Brongniart and Smith made their discoveries, completely in ig- 
norance of one another's works and researches. Smith, in his 4to volume 
of 1817, quotes at p. iv of the introduction, among the works that he has 
consulted: Cuvier— Geographic Miniralogique des environs de Paris; but 
maintained that "The first written account of this discovery was circu- 
lated in 1799." 

But if the discovery was simultaneous in England and in France, its 
great value and full importance was shown through Cuvier and Brongni- 
art's published works on Comparative Anatomy; Recherches sur let os$e- 
nents fossiles, and the geographic mineraXogique des environs des Paris, from 
1800 to 1812; years before any of William Smith's publications. 

Until 1819 nothing was attempted in the way of synchronism and as- 
similation of formations of strata at great distances, in using fossil re- 
mains only; when Alexander Brongniart read a report before the Acad- 
emy of Science, showing remarkable similarity in each formation or 
terrain "dans les pays les plus C\o\gn6Sf sous les latitudes et sous les 
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m^ridiens lea plus diff^reiites.^ But, as he says, it was only a first draft, 
too imperfect for publication; and it was only in 1821 tliat he published 
in the Annates des Mines, his masterly paper: Surles caracteres zoologiques 
des formations. From that day, Comparative paleontology was founded; 
and the first application of the principles and methods developed in the 
memoir was on the celebrated fossil localities of the '^Montague des 
Fiz vallee de Servoz," Savoie, at the foot of the Mont Blanc, and "La 
Teste du RhOne," near Geneva, where Brongniart recognized by the fos- 
sil remains the identity of these formations with the Glauconie crayeuse 
of Paris basin and the Gault and Qreen Sand of England. 

I have enjoyed the privilege of knowing personall}*^ and meeting often 
Alexander Brongniart during the two last years of his life, in 1846 and 
1847. He kept all his enthusiasm for parallelism and synchronism of 
formations at great distances by means of fossil remains, and followed 
with close attention all the work done in that direction by the younger 
generation of geologists, who then began to be divided into two branches, 
the geologist without any other qualification and the stratigraphic pale- 
ontologist. Brongniart saw the exaggeration of some in too great gener- 
alization of his principles, and was adverse to it. Alcide d^Orbigny 
more specially frightened him with his great number of successive cre- 
ations of faunas; and I must add that he was far from accepting the many 
great universal cataclysms insisted upon by Elie de Beaumont. Brong- 
niart was more in harmony with the views of Deshayes, who truly estab- 
lished the three great divisions of the Tertiary strata, according to the 
faunas, in working out his great and most important publication: De- 
scription des coquilles fossiles des environs de Paris ^ 1824-81. 

Lyell did not work out the Tertiary fossils, he only used Deshayes* 
researches and applied to the result arrived at a good nomenclature, 
calling the Tertiary formations: Eocene, Miocene and Pliocene. When 
Lyell came to Paris, in 1828, he knew next to nothing of the Tertiary 
strata, and it was there and then that Constant Provost showed him all 
the divisions and classification, by great groups, and bed by bed, as they 
have been established by the joint efforts and discoveries of Cuvier, 
Brongniart, Deshayes and Pr<5vost himself. 

There is no doubt that the school of paleontologists, which contained 
such great observers as de Buch, Agasaiz, d*Obigny, Quenstedt, etc., did 
go too far in their generalization. Deshayes never accepted their extreme 
ideas, and always maintained passage of forms and even sometimes of 
species from one formation to another. 

I shall not refer to many points of geographical zoology and evolution 
of forms, more or less appreciated in professor Williams* paper, but shall 
only say that speaking of *'The scope of paleontology and its value to 
geologists'* without quoting the magnificent and grand discoveries and 
papers of Barrande, seems a very extraordinary forgetf ulness, and equally 
so is a complete absence of reference to the discoverer of the method and 
principle, Alexander Brongniart. Even reference to the works of those 
who have made use,with great success, of Brongniart's methods in Amer- 
ica, is very incomplete and partial, for some of the first and best investi- 
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gators of the United States, as: Dr. Samuel Morton, Vanuxem, Conrad, 
Emmons and Leidy, are entirely passed over, in Mr. Williams* address. 

The use of paleontology for assimilation, synchronism and classifica- 
tion in geology, requires special talent, good judgment and an amount of 
practical knowledge which are seldom combined in one man; and this 
explains why so many observers fail to give good correlation and exact 
classification, notwithstanding their long and patient researches in pale^ 
ontology. Jules Marcou. 

Cambridge, Mass,, 8epL 22, 1892. 



PERSONAL AND SCIENTIFIC NEWS. 



The Sixth International Congress of Geologists is to be 
held at Zurich in August, 1894. A preliminarj' circular, signed 
by professors Renevier, Helm and Golliez,has already been issaed, 
together with a brief Proees-verbal of the meeting held on the 
3d of August, 1891, at Salzburg, which was concerned with cer- 
tain European maps. Considering the nature of their country the 
Swiss geologists are arranging two kinds of excursions, some 
across the Jura and the Alps for **those accustomed to long 
walks" and others for the less sturdy, during which steamboats, 
railways and other conveniences will be utilized. Full particulars 
will be furnished later. The meetings will be held at Zurich, but 
the excursionists will reassemble at Lugano for the final meeting 
of the session. 

The Annual Report op the Lausanne Natural History 
Museum, of which Prof. Renevier is keeper, shows the important 
accession of a large collection of Triassic fossils made by the pro- 
fessor himself at Hallstadt. Prof. Renevier, as may be seen 
above, is one of the committee on the next International Congress 
of Geologists. 

The professorship op Geology and Mineralogy, at Bres- 
lau, left vacant by the death of the late professor F. A. Roemer, 
will be divided. The Professor Ordinarius will occupy the chair 
of Petrology and the Professor Extraordinarius will have charge 
of the department of paleontology. It is considered probable 
that Dr. Fritz Freeh of Halle, one of the leaders of the younger 
school of German geologists, will receive the latter. Dr. Freeh 
is well known as the monographer of the Triassic Corals and as a 
w^riter on past zo(^ logical distribution. 

Mr. F. A. Bather contributes a paper to the last report of 
the "Museums Association" on the fossil crinoids in the British 
Museum, in which he describes his attempt to put into practice 
aaodern ideas of museum arrangement. He accepts as his rule 
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the American maxim that a museam is a collection of labels illas- 
trated by specimens. The paper consists mainly of a reprint of 
the thoughtfully prepared labels which he has attached to his col- 
lection and will serve as an admirable model for educational 
museums. 

A SPECIAL BOOM 80 FEET BY 40, to be termed the »*Barran- 
deum'' has been appropriated in the New Royal Bohemian Museum 
for the exhibition of the collection of fossils made by the late 
Dr. J. Barrande, illustrating his **Syst6me Silurien de la Sc- 
heme ;" and we learn that the **Barrande Fund' founded by Dr. 
Anton Fritsch for the further encouragement of the work that 
ceased at Barrande's death, has now reached the sum of 10,000 
florins. The interest on this fund, which has l)een raised Dy 
voluntary contributions, will be available next year for the endow- 
ment of research in the Silurian formation in Bohemia, and it is 
hoped that some paleontologist will Ije thereby induced to study 
the smaller organisms of the s^'stem. 

The Texas State Geological Survey has recently added 
to its working force, as chemist, Dr. W. H. Melville, who has 
been for ten years connected with the United States geological 
survey ; and, in the department of paleontology, Mr. G. D. Har- 
ris, late assistant in Tertiary invertebrate paleontology' on the 
same survey. Prof. Cragin's engagement with the Texas survey 
has recently been extended to February, 1893, his work including 
chiefly vertebrate and Cretaceous invertebrate paleontology. 

Dr. George A. Kcenio, of the University of Pennsylvania, has 
been appointed professor of chemistry at the Michigan Minmg 
school, Houghton. 

The Next Annual Meeting of the A. A. A. S. will be held 
in August, 1893, at Madison, Wis. Prof. William Harkness, of 
Washington, D. C, was elected president; Prof. F. W. Putnam, 
of Cambridge, Mass., permanent secretary •; T. H. Norton, of Cin- 
cinnati, general secretar}', and H. L. Fairchild, of Rochester, 
secretary of the council. It was announced that an anthropo- 
logical congress would be held at the Columbian Exposition dar- 
ing the week following the next annual meeting of the A. A. A. 
S. , with representatives of every American tribe, from Terra del 
Fuego to the Es(|uimaux of the Arctic zone. As an outgrowth of 
this congress, it is meant to found a museum of ethnolog}' at Chi- 
cago, materials for which are now being collected by the ship 
load in Yucatan, Ecuador, Peru, Chile and elsewhere. A com- 
mittee was appointed to secure rooms for the various sections of 
the A. A. A. S. to l>e used as headquarters during the entire pe- 
riod of the exposition, each nxim to l>e in the building the con- 
tents of which are most closely allied to the branch of science 
represented. 

Charles S. Prosser, late of the National Museum, Wash- 
ington, has l>een elected to the professorship of natural history 
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in Washburn College, Topeka, Kas., left vacant by Prof.Cragin. 
The work of the chair will be developed principally along the lino 
of geology, and will embrace an examination of the stratigraphy 
and paleontology of the Upper Carboniferous about Topeka, ex- 
tending finally over a considerable part of eastern Kansas. 

The Peerless Coal Company, of Dallas, Texas, has pur- 
chased the Calvert Bluff lignite, or brown coal, deposits, near Cal- 
vert, Texas, and will begin the briquettingof brown coal immedi- 
ately. This is one of the direct and practical results from the 
investigation, by state geologist Dumble, of European methods 
of the utilization of brown coal, and from his attemjits to initiate 
such utilization of brown coals in America. The term -'lignite," 
as generally used iu this country, is erroneously applied, most of 
the varieties of coal so called being either bmwn coals, pitch coals, 
or glance coals; the term lignltr being properly applicable to the 
charcoal-like varieties which retain more or less perfectly the 
woody structure. 

The A(ie of the Eozoon. ''It is well to note here that if the 
Eozoon is really animal in origin, the ' Lauren tian' rocks of 
Canada, in which it occurs, must be Huronian, or the later of 
Archtean terranes. " J. D. Dana, Anur. Jour. Sci.^ June, 1892, 
p. 462. 

Another old outlet of Lake Huron. In Th* Nation for 
September 22, Prof. G. F. Wright describes an old channel 
which connects lake Nipissing with Trout lake. The former is 
tributary to lake Huron, about 70 feet lower, by way of French 
river, and the latter flows by way of the Mattawan river into the 
Ottawa river. A subsidence amounting to only a trifle more than 
a hundred feet, would turn the current from lake Huron through 
lake Nipissing into the Mattawan and thence into the Ottawa, 
thus robbing Niagara of most of its glory. The subsidence 
which came with the close of the Glacial epoch was more than 
ample to produce this change, and the great lakes seem to have 
had discharge there for thousands of years before they acquired 
that by way of Niagara. This discovery confirms, in the opinion 
of Prof. Wright, the surmise of Mr. G. K. Gilbert, who reason- 
ing from a known differential northerly subsidence had suggested 
some time ago that the great lakes may formerly have had a dis- 
charge by way of the Ottawa river. The duration of this dis- 
charge must be added to the usually accepted length of post- 
glacial time, so far as it is based on a computation of the reces- 
sion of Niagara falls, since the Niagara recession must have be- 
i^un after this channel was closed. 
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NEW LOWER SILURIAN OSTRACODA, NO. I. 

By E. O. Ulkich, Newport, Ky. 

Plate IX. 

This is the first of a series of papers upon these fossils that T 
hope to issue in the near future. Each part will be accompanied 
by at least one plate, and the rate of publication will depend very 
largely upon the leisure time at my disposal. 

My aim is to advance the subject to a point where it will be pos- 
sible to treat it monograph icall3\ The first essential for that 
condition is, obviously, a knowledge as complete as jKJssible of 
the forms to be worked upon and classified. I propose, therefore, 
to publish descriptions and figures of all the new forms now in 
my hands, with occasional notes upon previously known species. 
I may add that these papers are to be regarded as in a great 
measure preliminary. Many of the species, all of those occurring 
in the Nortwestem states, will be reworked, I trust, more fully, 
and republished in Vol. iii of the final reports of the Geological 
and Natural History Survey of Minnesota. 

The systematic classification of these, mostly minute, paleozoic 
fossils, is attended with unusual difficulties. This fact must be- 
come apparent to anyone taking tile trouble to enter into critical 
comparisons between the British, German and American works on 
the subject. It is not that a particular style of treatment pertains 
to each of these nations. No, no. It is, rather, that the num- 
ber of stvles is limited onlv bv the number of authors. The 
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greatest troable seems always to have been experienced in draw- 
ing the lines between the various genera constituting the large 
family LeperditndiE^ some authors claiming the existence of a 
complete chain of links connecting the simplest Primitia-^je^ 
even Leperditia — with the most complex types of Beyriehia and 
Strepula. Now, while this is probably true, it seems to me that 
but too often these chains contain closely approximated links that 
in reality illustrate mere resemblances rather than genetic relation- 
ship. 

It is the determination of the genealogical affinities that is the 
prime necessity in building up a permanent classification. With 
nothing but the shells to guide us, can we hope to reach satisfac. 
tory conclusions respecting the paleozoic, especially the lower 
paleozoic, Ostracoda? We can try. 

In the accompanying plate several forms are illustrated of 
which it is really difficult to decide whether they should be called 
species or varieties. One thing, however, seems to be certain, 
and that is that, within reasonable limitations, each form is con- 
stant and, therefore, distinguishable from the others. That they^ 
represent recognizable stages in the developmental history of the 
Leperdttiidff is all that I claim, it being quite immaterial to me 
what rank in classification the proposed names may ultimately 
hold. 

Leperditia tumida, n. sp. 

Plate ix, Figs. 1 to 3. 

Length of a large right valve, 2.6 mm.; hight, 1.82 mm.; thickness, 
0.75 mm. 

Valves ovate, rather short, the posterior end much the widest, 

tumid, the convexity of the surface, except for a slight fiattening 
and lengthening of the dorsal and anterior slopes, nearly 
uniform. Surface obscurely punctate, otherwise smooth, there 
being no external signs of either the eye-tubercle or muscle spot. 
This species compares with L. nana Jones, about as closely as 
with any other Lower Silurian form described, but being without 
an eye-tubercle and of more rounded shape, it is readily distin- 
guished. The Carboniferous species L. okeni Miinster, L, car- 
honariff Hall, and others of that type, agree very closely in nearly 
every respect. All these species differ from typical Leperditia 
in the method of closing the valves, the latter having them merely 
to overlap, while in the species under consideration the ventral 
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edge of the right valve fits into a groove in the edge of the left. 
(See Figs. 7 and 12 of plate ix.) 

FomuUion and locality: This species is very abundant (associated 
with Bryozoa) in the shaly part of the Hirdseye limestone at High Bridge, 
Kentucky. These layers are here nearly on a level with the bridge. The 
species also occurs at Frankfort, in the same beds. 

Leperditia mundula, n. sp. 

Plate ix, Figs. 4 to 8. 
Length of en ire carapace, 2.6 mm.; hight, 1.64 mm.; thickness, 1.4 mm. 
This species differs from L, tunuda in being less high, causing 

the outline to be more elongate. In an end view the convexity 

of the valves is also more uniform. A very faintly defined ovate 

area is distinguishable, by depression of the surrounding surface, 

just a trifle in front of the center of the dorsal slope. 

ForrruUion and locality: This form occurred in considerable number 
in a small package of soft shale obtained from the Birdseye (? Chazy). 
limestone, near the bottom of the Kentucky river gorge at High Bridge, 
Ry. This bed, which furnished also L, (BquiUUera and Z. germana, is at 
least two hundred and sixty feet beneath the L, tumida horizon. 

Leperd[ltia 8Bquilatera« n. sp. 

Plate ix, Figs. 9 to 11. 
Length of entire carapace, 1.7 mm.; hight, 1.08 mm.; thickness, 0.8 mm. 
Carapace rather elongate, with the ends rounded, sub-equal, 

the back straight, the ventral edge gently convex and nearly par- 
allel with the dorsal. Surface of valves smooth, almost uniformly 
convex, there being only a very slight and quite undefined mesial 
depression in the dorsal slope. 

Distinguished from L, mundula in having the ends of nearly 
equal size and curvature, and the outline in a ventral view more 
uniformly convex, so that the point of greatest thickness is very 
near the middle of the valves. 

Fot mntion and toaUity: Same as the last. About forty specimens. 

Leperditia inflata, n. sp. 

Plate ix, Figs, 12 to 15. 

Length of average left valve, 1.9 mm.; hight, 1.2*2 mm.; thickness, 
0.54 mm. 

Valves ventricose, the outline usually very much as in L, cequi- 
latera, only the posterior end is somewhat wider and inflated, so 
that this half of the dorsal region projects more or less beyond or 
above the hinge line. The postero-dorsal angle, also, is more 
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pronounced. Groove in ventral edge of left valve sharply defined. 

Surface with a broad, undefined mesial depression in the dorsal 

slope. This depression is as much stronger than the one in L, 

wquihitera as it is weaker than the one in L. sulcata. 

Fomnation and locality: Same as the last One hundred specimens, or 
more. 

Leperditia grermana, n. sp. 

Plate ix. Figs. 16 to 18. 

Length of average left valve, 2.17 ram.; hight, 1.4 mm.; greatest thick- 
ness, 0.67 mm. 

This form is very closely related to L. mundvla — perhaps it is 
merely a local variety of that species. It differs in having the 
ends more equal, the surface more convex in the dorsal half, and 
in having a very narrow rim or marginal channel, visible in a side 
view only, at the ends. Again, instead of a slight elevation sur- 
rounded V)y correspondingly gentle depressions, we have in L, 
germana only a sulcus. This is about as strong as the one in 
L. tiijiata, which species the present form resembles rather closely 
also in the outline. The basal line, however, is usually more con- 
vex and with the most prominent point nearer the center. But 
the most important difference lies in the lesser inflation of the 
posterior half of the dorsal region. (Compare Figs. 14 and 17, 

PI. IX.) 

Formation and lomlity: Associated with Schmidtella cra$simarginata 
Ulrich, at Mineral Point, Wisconsin, where it occurs abundantly in some 
of the thin layers of the Birdseye or "Lower Blue" limestone. 

Leperditia sulcata, n. sp., and var.ventrIcornIs,n.var. 

Plate ix, Fios. 19 to 23. 

Length of an average right valve, 2.1 mm.; hight, 1.38 mm.; thickness, 
in anterior half, 0.48 mm., in posterior half, 0.58 mm. 

Valves sub-ovate, ends nearly equal, the posterior a little the 
widest; back straight for about three-fifths of the entire length; 
ventral edge gently convex, the most prominent part a little be- 
hind the center. Surface rising abruptly from all the edges ex- 
cept the dorsal which is occupied by the expanded terminus of a 
broad sulcus which, though shallow and of undefined limits, is, 
nevertheless, always a conspicuous feature of the valves. In a 
ventral view tlie profile is highest a short distance within the ends, 
while the central portion is at least straight and in most cases 
decidedly concave. Closure of valves as in L. infiata. 

This form may be rojiarded by some authors as nearer Primitia 
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than Leperditia, but I have satisfied myself fully that it, like the 
following species {L. donticornis)^ is an extreme development of 
the type begun in the stock that produced the L. <Bqm'fafera, in- 
flata^ and gemiarka of this paper. From these species it is suf- 
ficiently distinguished b}' the more abrupt end and ventral 
slopes, and the greater development of the sulcus. 

Of the form that I propose, provisionally, to name as var. 
venfricornis I have seen only the right valve illustrated. So far 
as I can see, the only difference between it and the typical form 
of the species is found in the obtuse and retrorsely directed 
ventral prominence. 

Formation and locAility: Associated with, but less abundant tban, L, 
tumida, in tbe Bird^eye limestone at High Bridge, Ky. 

Leperditia (? Primitia) dorsicornis, n. sp. 

Plate ix. Figs. 24 to 26. 

Length of a right valve, 1.72 mm.; bight, 1.1 mm.; greatest thickness 
(center of posterior half) 0.54 mm 

Valves subelliptical, slightly oblique, the ends subequal, the 

back straight nearly to the posterior extremity; the latter is gently 
convex and almost vertical in the upper two-thirds, while in the 
lower third the outline merges rapidly into the uniformly convex 
basal margin; anterior end uniformly curved. Surface much the 
highest in the posterior half, with a part prolonged dorsally into 
a short and obtusely pointed prominence that bends down close 
to the hinge line and projects somewhat beyond it. This promi- 
nence gives definition to the posterior side of a distinct sulcus, 
extending almost half across the valve from the central part of 
the dorsal edge, and forward along the latter. 

This species ought, perhaps, to be called a Primitia but for the 
reason given under L. sulcata I have chosen to designate it as 
above. Of the species believed to belong to the same line of de- 
velopment, L. infiata seems to be the nearest. They are, however, 
readily distinguished b}^ the concentration of the dorsal promi- 
nence and the greater definition of the sulcus in L. dorsicomix. 

Formation and loenlity: The only specimen seen was found in the 
Hudson River rocks at Savannah, Illinois. 

Leperditia grranilabiata, n. sp. 

Plate ix, Figs. 81 to 33. 
Length, of right valve, 2.1 mm.; bight 1.52 mm.; greatest thickness 
0.6 mm. 
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Valves broadly sabelliptical, scarcely oblique, the ends strongly 
rounded, nearly equal, the ventral margin uniformly and more 
than usually convex. Free edges, except in the cardinal regions, 
set with small but prominent papillae. Surface minutely punctate, 
ventricose in the lower half, flattened in the upper; with point of 
greatest convexity much beneath the middle. A faint smooth 
(non-punctate) spot occurs just in front and above the center. 

This species might with others described in this paper be placed 
with Aparchites, Jones, but there is something so peculiar about 
Prof. Jones' type of the genus and one or two undoubtedly con- 
generic species, that I hesitate to enlarge the limits of the genus 
beyond them. 

Fornuition and locality: Rare in the upper part of the Trenton shales 
(Phylloporina beds) at St. Paul, Minn. 

Leperditia millepunctata, n. sp. 

Plate ix. Figs. 37 to 39. 

Length, of a right valve, 1.57 mm.; bight 1.0 mm.; greatest thickness 
0.45 mm. 

This species is very similar to L. aquilatera of this paper, but 
I have no doubt of their specific distinctness. There is a slight 
channel and rim about the free edges wanting in that species, 
while the surface also is very finely punctate, and more uni- 
formly convex, the profiles of the two forms being different. The 
present species again is a little higher. 

It is possible that this species should be placed with IsocfiUina 
rather than Leperditia, hut as near as can be determined from the 
material at hand it appears that the valves overlap slightly, the 
left over the right, along the ventral border. 

Formation and loc dity: Trenton shales, one mile east of Fountain, 
Minnesota. Eare. 

Leperditia flmbriata, n. sp. 

Plate ix, Figs. 34 to 36. 

Length, of a right valve, (excluding spines) 1.88 mm.; hight 1.28 mm.; 
thickness 0.44 mm. Length of dorsal edge 1.2 mm. 

Valves sulx)val, moderately and almost uniformly convex, the 
ends nearly equally rounded, the posterior a little the wider. 
Fixtremitios of dorsal edge angular, the posterior somewhat prom- 
inent. Point of greatest convexity slightl}' below the center. 
The entire ventnil l)order and the ends, excepting the upper third 
on each side, with ii fringe consisting of long, almost palifonii| 
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processes. At the ends the intenrals between these processes is 
about 0.1 mm., bat in the central part of the ventral edge they 
are shorter, and the projections themselves probably not so long. 

The peculiar fringe distinguishes this species from all the others 
now referred to LeperdUia, 

Formation and locality: Only one valve of this species is known. It 
was collected by the author in the upper beds of the Cincinnati or Hud- 
son River group, near Spring Valley, Minnesota. 

Schmidtella, n. gen. 

Carapace small, rounded, moderately convex. Valves inflated 

in the dorsal region so that this part projects shoulder-like over 

and out from the nearly straight hinge line. Right valve slightly 

the larger, its ventral edge overlapping that of the left. No 

sulcus nor tubercles. 

Type: Schmidtella crass imargtnata, n. sp. 

I am somewhat in doubt respecting the systematic position of 
this genus, but provisionally would place it near Aparchites, 
Jones, among the Leperditiidat, Nor am I satisfied that the de- 
scription should not be modified so as to include several smaller, 
as yet undescribed, species which agree in all other respects except 
in having an obscure subcentral impression. 

The name is given in recognition of the valuable services 
rendered to Silurian, paleontology by Dr. F. Schmidt, of St. 
Petersburg, Russia. 

Schmidtella crassimargrinata, n. sp. 

Plate IX, Figs. 27 to 30. 

Length, of an average right valve, 1.25 mm.; hight 1.0 mm.; greatest 
thickness 0.4 mm. 

Valves broad-oval, very slightly oblique, the ends almost equal, 
the lower half with the ventral margin curved to form somewhat 
less than a semicircle. Dorsal region flattened, slightly convex in 
aside view, rising very abruptly from and projecting slightly over 
the nearly straight hinge line. Point of gpreatest convexity above 
the center. An undefined but rather conspiouoas broad furrow 
around the ends and ventral margin, least distinct poateriorly, 
produces the thick border that has auggested the specific 
name. 

The obscurely defined, heavy and wide margin, and the flat 
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dorsum are peculiarities that will distinguish this species at once 

from all described Silurian Ostracoda. 

Formation and locality: Very abundant on thin slabs of *'Lower Bine*' 
or Birdseye limestone collected at Mineral Point, Wisconsin. 



EXPLANATION OF PLATE IX. 

Figs. 1 to 8, Leperditia tumida, n. sp. p. 264. 
1. Right valve, of the usual form, X 10; 2, posterior, and 3, dorsal view 
of same, in outline. 

Figs. 4 to 8, Lrpsrditia m undula, n. sp. p. S65. 
4. Left side of entire carapace, X 10; 5, ventral, 6, anterior view of same 
in outline. 

7. Interior of a left valv-*, X 10, showing groove into which the ventral 
edge of the right valve is inserted when the valves are closed. 

8. Diagrammatic sectional view of the ventral portion of the carapace. 

Figs. 9 to 11, Leperditia iSquiLATERA, n. sp. p. 265. 

9. Right side, 10, anterior, and 1 l,ventral view of an entire carapace, X 10. 

Figs 12 to 15, Leperditia inflata, n. sp. p. 265. 
12. Interior of full grown left valve; 13, dorsal view of same, X 10. 

14. Outline anterior view of closed carapace. 

15. A smaller left valve, approaching L, (Bquilatera in outline, X 10 

Figs. 10 to 18, Leperdptia gbrmana^ n. sp. p. 266. 
16, 17 and 18. Three outline views, side, anterior and ventral, of a left 
valve of this species from Mineral Point, Wis., X 10. 

Figs. 19 to 21, Leperditia sulcata, n. sp. p. 266. 
19, 20 and 21. A right valve, X 10, with outline anterior and ventral 

views of same. 
Figs. 22 and 23, Leperditia sulcata, var. vbntricornis, n. var p. 266. 
22. A left valve, X 10; 23, outline of same in a ventral view. 

Figs. 24 to 26, Leperditia (? Puimitia) dorsicornis, n. sp. p. 267. 
24. A left valve, X 10; 25 and 26, outlines of same in anterior and ven- 
tral views. 

Figs. 27 to 30, Schmidtella crassimarginata, n. gen. et sp. p. 269. 
27. Interior of right valve, X 10; 28, exterior of another right valve, 
equally magnified; 29 and 30, anterior and ventral views. 

Figs. 31 to 33, Leperditia granilauiata, n. sp. p. 267. 
31, 32 and 33. Three outline views, side, posterior and ventral, of a right 
valve, X 15. The punctae of a small part of the surface are shown in 
31. 

Figs. 34 to 36, Leperditia fimbkiata, n. sp. p. 268. 
Three outline views of a right valve, X 15. 

Figs. 37 to 39, Leperditia millepunctata, n. sp. p. 268. 
Three outline views, and a small portion of the punctate surface, of a 
right valve, X 15. 



TWO NEW LOWER SILURIAN SPECIES OF LICHAS 
(SUBGENUS HQPLOLICHAS). 

Bj E. O. Ulbich, Newport, Ky. 

Lichas ( Hoploliohas ) robbfnsl, n. sp 




Fig. 1. i(, imperfect gl&bella of the oatural alze; A. profile of same, 
iipecimen wantlag tbe free cheeks and defective at the inner edge uid 
at the center of the occipital ring 

Glabella, including frontal prolongation, with the length etiual- 
ling one and '>ne half times the greatest width. Without the 
frontal proceiwi the widtli is greater than the length. Frontal 
lobe very gentlj convex and with parallel margins in the posterior 
half, tlien expanding the anterior half grows tumid and finally is 
proihiced forward into a single strong baeiilate process. Lateral 
lobes undivided with marginsalmost parallel, the width and length 
about as one is to ti*o and one half very little convex except in 
front where the\ litnd outward and downward to the frontal mar- 
gin, furrows lK.t»een the central and lateral lol>es very narrow; 
likewise the oci ijHtal furrow Occipital ring rather narrow at the 
ends, nearly twice iis wide in the middle where it probably sup- 
iwrted one or two central spines. Facial sutures apparently 
normal. Fixed cheeks of the form shown in the drawings, slightly 
<lepressed and with a linear curved impression immediately l>ebind 
the eyes. Surface covered with papiltte just visible to the naked 
eye. At intervals of one or two mm. there is a larg(.>r one. Free 
cheeks, eyes and thorax not observeil. 

Since these two species, excepting the doubtful L. hgltem Hall, 
are the first to be descrilicil from American rocks haWng the 
charactors of the siil>geniis li'iplolicli'ig, Dames, they are not likely 
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to be con founded with aayof our known species ol Liduu. None 
of the European forms known to me are verjr closely related. 

The siKcific name is ^ ven in honor of Dr. C. H. Bobbins, of Wykoff , 
Minnesota, an indefatigable collector and student of the fosails of 
the Lower Silurian localities in southern Minnesota. The Galena 
limestones especially, have been made to famish an abundance of 
their rich stores of interesting forms through his endeavors. 

Formation and locality: In the middle beds of the Oal«na (Trenton) 
liraeBtone near Wjkoft, Minnesota. 

Llohas ( Hoplolichas ) blcornis, n.8p. 




Fig. 2. a, imperfect cephalic shield, natural size; b, profile of same. 

In this species the form of the lobes of the glabella (excluding 
the froDtal prolongations), the fixed cheeks and the occipital ring 
are so much like these parts of the preceding species that it is 
not nccessarj- to describe them. I shall therefore merely point out 
the most striking differences between the two species. 

In the first place the anterior part of the central lobe of the 
glabella is not drawn out into a single baculate prolongation, but 
supports two mucii smaller diverging hom-like processes, each 
1.5 mm. in diameter and probably less than 10 mm. in length. 
The dorsal surfaces of the three longitudinal lobes of the glabella 
are more convex transversely, and the lateral ones a little more 
elongate (the length is scarcely greater than twice the width). 
Finally there is a slight difference in the papillose marking of the 
tost, the large set of ]>apill)e Iteing more prominent in L. bicorni*. 

The two frontal horn-like processes will distinguiah this species 
at onoc from all known American species of Lichat. 

Formation iind locality: Upper beds of the Cincinnati group near 
Spring Valley, Minnesota. 
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THE PLATYCERAS GROUP OF PALEOZOIC GAS- 

TEROPODS. 

By CuARLis RoLLiN KiTis, Des Moines. 

It has been shown recently* that there are no good grounds for 
separating, generically, the recent forms of Capulus from the more 
typical Platycerata. Even if it were desirable to distinguish be- 
tween the modem and ancient sections, Conrad*s familiar title 
could not stand. For, aside from being synonymous with Mont- 
fort's genus, Platyceras had been preoccupied as a generic term 
for more than three-quarters of a century. The name was used 
by Geoffrey t as early as 1746, for a genus of Coleoptera; and again 
by Latreillet in 1796. Nor can (Ehlert'sJ recent revival of Phil- 
lip's Acroculia be sustained, since the typical species are also true 
Capuli. 

Besides the two genera alread}' mentioned, the shells of this 
group have been variously assigned to Pileopsisof Lamarck, 1[ 
Actitaof Fisher von Waldheim,** Acroculia of Phillips, tt Orthon- 
ychia of Hall, U and some others. The relative merits of these 
names, as generic titles, have been fully discussed elsewhere. 2 2 

There has long been considerable difficulty in attempting to 
separate certain members of the group in question, on the one 
hand from some forms of Platystoma, especially from those spe- 
cies in which there is a greater or less tendency for the shells to 
uncoil ; and, on the other hand, from various genera of patelloid 
shells. As might be expected in a group of gasteropods present- 
ing so few constant characters, which can be satisfactorily relied 
upon as classificatory criteria, it is often almost impossible to 
clearly distinguish between certain of these species. Many struc- 
tural features heretofore considered important in identification 
have been shown, recently, to possess very little, if any, specific 
value, owing to their great variability. It therefore becomes nec- 
essary to regard as of the utmost significance the basing of species 

♦American Geologist, Vol. vi, p. 6. 
tHlst. abr^g^e des Insectes, (1764). 
{Precis des charact^res des Insectes, (1796). 
§Bul. Soc. G^oL, France, (3), t. xi, p. 602. 
^Anim. sans Vertebr., t. vi, p. 16. (1822.) 
**Mem. 8oc. imp. Nut Moscau, t. vi, p. 234. (1823.) 
ttPal. Foss. Cornwall, p. 93. (1840.) 
JJRep. 4th Dist , New York. p. 172. (1843.) 
§§Proc. Acad. Nat. Sci., Phila., p. 150-181. (1890.) 
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upon gencrul resemblances rather than upon unhnportant, varient 
characters arising from diverse conditions of environment imposed 
by a more or less extensive geographic distribntion. Thus, in 
choosing for classification purposes the characters of any group, 
it is evident that only those features exhibiting the least tendency 
to modification are available. Even the most constant structures 
appear to lose much of their stability at some period during the 
existence of the group — whether specific, generic or family; while 
other characters, more or less varient in the early stages of 
development, later become less liable to change. At some time 
or other these features blend and thus arise the transitional forms. 

It may be assumed then, that in many groups of the same 
genetic origin some varieties will present features that have 
remained for a long time practically unmodified : while others ex- 
hibit the same characters in a highly specialized, but ever chang- 
ing, condition. And it is of great interest to note in this 
connection that the latter — those having greatly exaggerated feat- 
ures — are the forms whose existence is of comparatively short 
duration: and that with these intensified structures the develop- 
ment is rather rapid, while their culmination is soon followed by 
a great diminution of the group's vitality, or more commonly its 
extinction. 

Under Conrad's generic name upwards of three hundred species 
of gasteropods have been proposed. In such a group of shells 
having so few salient characters for classification and a great range 
of variation, it is not hard to foresee some of the diflflculties to be 
encountered in attempting to arrange satisfactorily the many dif- 
ferent forms. The placing of Platyceras, Orthonychia, etc., as 
su])-genera under Capulus, as has been done by Zittel* and others, 
manifestly does not meet the requirements, especially as regards 
the American members. Moreover, the group has been made to 
embrace a great variety of species, some of which are clearly not 
at all closely related genetically. Of these a few forms have been 
referred lately to the places to which they more properly belong. 
But there are still a considerable number of these shells which are 
evidently not members of the group, yet whose generic affinities 
cannot \w <l('terniinod at present, with exactness. 

In the roccnlly issued synopsist of the Calyptra?idt)e occurring 

♦Ilandb. dor Pal., ii Band, p. 216. 

tProc. Acad. Nat. Sci., Phila., pp. 150-181. (1890.) 
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iti the upper Paleozoic of America, the co-extension of Platyceras 
and Capulus was fully recognized and ail the Car)x)niferous species 
hitherto referred to the former genus placed under the latter. At 
the same time considerable doubt was expressed as to the advisa- 
bility of associating all therforms mentioned under a single generic 
title. When it comes to extending the examination to all the 
species usually embraced in Conrad's group, a very heterogeneous 
assemblage of shells is encountered. Hall, Meek and others have 
repeatedly called attention to the difficulties in the arrangement 
of the Platycerata. The first named author has even proposed 
two generic terms to include some of the more aberrant forms. 

In reviewing all the described species of the group under con- 
sideration, three more or less well defined and generally easily 
recognizable sections may be made out. The three are distin- 
guished readily from one another by their general shape ; but there 
are other features equally distinctive. One section is character- 
ized by having a small, closely coiled spire, more or less contigu- 
ous with a large eampanulate body whorl. Another group 
includes those shells having very small apices, usually arched but 
seldom closely coiled, the last volution very much elongated ver- 
tically, and often spiral. The third assemblage embraces the 
straight conical forms with little or no convolution of apical 
parts. To the first of the three groups, Mon fort's generic title, 
Capulus, applies; for the second and third it seems proper to re- 
vive Hall's names, Orthonychia and Igoceras. In a few cases 
these groups along certain lines seem to merge somewhat and 
their present limits eventually may require some modifications. 
On the whole, however, they appear to satisfy the requirements 
much better than any of the commonly accepted arrangements 
previously used. 

The American Platycerata now assigned to each of the three 
groups may be enumerated as follows: 

CAPULUS. 

argo Hall. aurieulatus Hall. 

biUingsi Hall. hiferialii Htill. 

biginvatuB Hall. buerulentuH Hall. 

calantica Hall. rartnatus Hall. 

elavatus Hall. crassus Hall. 

eymhium Hall. dihi talus Hall. 

du7nosu8 Conrad. eehinatiis Hall. 

eqvilateraiia Hall. erectus Hall. 
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gebhardi Conrad. 
?uiU'otoide$ U, & W. 
latus Keyes. 
magnificuH Hall. 
multi^pinosus Meek. 
niagaren»i$t HalL 
obliquus Keyes. 
ofMlis dtevens. 
parvuM Swallow, 
perplicatuB Hall. 
plicatilii Hall. 
retror%us Hall. 
sinvatus Hall. 
sfjlbreciui Hall. 
Bidcatuft Conrad. 
iymmetricuB Hall. 
tribuloBiu White. 
undulostriatus HalL 



foimicatus Hall. 
gibbosus Hall. 
irUermediui Hall. 
lodiensis Meek. 
multisintuUtt8 Hall. 
newberryi Hall. 
nodoius Conrad. 
oceidens Walcott. 
parcUius White and W. 
pentalobuH Hall. 
platyitomu9 Hall. 
reflexu$ Hall. 
riWtM Hall. 
spinigertu Worthen. 
$iib8inuo8US Worthen. 
siUeoplieatus Hall. 
t^M Hall. 
undatu9 Hall. 
verUrieosu8 Conrad. 

conicum Hall. 
JUsurellum Hall. 
perplexum Hall. 
pyramidatum Hall. 
iubplie^itum Meek & W. 

aeutiroBtre Hall, 
arci^um Hall. 
ehe^terense Meek and W. 
eamvfarme Winchell. 
ryrtoWes McCheaney. 
formo8Mm Keyea. 
lameUosum Hall. 
«t<&re(^t/m Hall. 
tubiform^ Hall. 

Some of the forms included in the above are undoubtedly 
synonymous, but they cannot be eliminated until more satisfac- 
tory material has been examined. By transferring certain appar- 
ently anomalous species to other genera, the arrangement of the 
entire group seems to be much more in accordance with the 
observed affinities and differences of the various species than any 
other yet suggested. And in a treatment, soon to be issued, of 
the leading forms occurring in the Mississippi basin the plan here 
proposed has Reen followed. 

The great range of variation, even in a single species, together 
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capuluB Hall. 
pcUmloerinui Owen. 
plicatum Conrad. 
quincyeriBe McCheaney. 

ORTHONYCHIA. 

agreste Hall. 
attenuatum Hall. 
eoneavum Hall. 
eurviroitrum Hall. 
dentaltum Hall. 
incile Hall. 
BpircUe Hall. 
tortuomm Hall. 
unguiforme Hall. 
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with some of the causes tending to produce these rapid changes, 
has been fully discussed in another place, making it unnecessary 
to take up again the habits of these organisms, detected even in 
the fossils by the intimate association of the gasteropods with 
crinoids. Concerning this phase of the question much might be 
said. The conclusions reached may be briefly summed up as follows : 

(1.) The gasteropod shell invariably lies over the anal opening 
of the crinoid. 

(2. ) The moUusk remained in this position for a considerable 
period, probably for the greater part of life, as is shown by the 
shells on highly ornamented calyces and after the removal of them 
by the concentric grooves made on the ventral plates. 

(3. ) The growing shell followed closely the inequalities of the 
surface upon which it rested — depressions giving rise to furrows 
and protuberances to folds or nodes. 

(4.) Shells lying simply on flat surfaces are much more de- 
pressed and proportionally broader than those clinging to the 
vertical or inclined portions of calyces in which the anal opening 
is situated laterally. 

The third of these statements is perhaps best illustrated by 
crinoids having low interradial areas and elevated radial regions, 
and is the probable explanation of the frequent occurrence of the 
more or less distinctly five-lobed calyptrsean shells. Until very lately 
this phenomenon has admitted of no direct causal interpreta- 
tion. 

Since the appearance of the recent papers on the habits of the 
ancient calyptrseans it has been inferred that these gasteropods 
were parasitic in their manner of living. This was not the case. 
For in no instance did the mollusks probably interfere at all with 
the nourishment of the crinoids, but merely fed, in part at least, 
upon refuse matter. 

CLASSIFICATION OF THE THEORIES OF THE 

ORIGIN OF IRON ORES. 

Bt H. v. WiKcuBLL, Minneapolis. 

A. Mechanical. 

a. Extra-terrestrial or cosmical. 
1. Meteoric fall. [1.]* 

b. Terrestrial. 

* Figures in brackets refer to the theories as numbered and discussed 
in **The Iron Ores of Minnesota," Bulletin No. 6, Minn. Oeol. 8ur. 
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1. Subterranean — eruption in dykes or accompanying basal- 

tic flows. [2. ] 

2. Superficial action. 

a. Violent abrasion and transport. [13.] 

, ^ ,. . ( 1. Concentration of iron sands. [14.] 

b. Ordinary erosion. -J '- ■• 

( 2. Oceanic sedimentation. [8. ] 
B. Chemical. 

a. Changes in situ. 

1. Change in the kind or quantity of iron already present in 

the rocks. 
//. Alteration of diffused ferric oxide into ferrous carbon- 
ate. [10.] 
h. Metamorphisra of bog ore. [11.] 

/•. Metamorphism of lake ore. [12.] 
i1. Alteration of ferrous carbonate or sulphide into ferric 
oxide. [8 in part.] 

2. Change in the kind or quantity of other minerals. 

n. Substitution of iron oxide for some non- ferriferous 

mineral. [17.] 
//. Concentration, by remoyal of the other constituents. 

[4.] Similar to B a 1. 
r. Electro-telluric action. [16.] 

b. Remoyal by chemical action and subsequent deposition. 

1. By action of heat — sublimation. [:].] 

2. By action of water. 

[1. Oceanic precipitation. [8inp't.] 

I I a. Secondary product of the 
./. In drainage basins, j , decomposition of basic 

, rocks. [18.] 

^, b. Secondary- proiluct from 
the decom)X)sition of py- 
rite. [7.] 

. y .. k i^' ^^^ura^io^ o^ porous strata. [5. J 

(2. Infiltration into cayities. [6, 15.] 
r. Deposit by springs. [9.] 



Mr. W.J. McGee, in ^'The Pleistocene History of Northeastern 
Iowa,'' reviyes the use of the term ytest, applieil by DeLue in 
1816, and afterward by Eaton and Beck, in America, to --the 
immediate prodaets of rock decay in situ.'* P. 279. EUrtnth 

the Director U. S. Geof. Sum- if. 



271) 



ON THE FORMATION OF OOLITE.* 

By Dr. A. Rothplbtz, of Mnnich. 

On the low shore of the Great Salt lake in Utah, there lie be- 
tween the pebbles and sand-grains, in great multitudes, snow- 
white calcareous corpuscles. They are thrown on the smooth 
strand by the waves of the lake and form a substantial part of 
the beach-sand. Where they still lie in the water, we usually 
see them partly covered with a bluish-green alga-mass. 

I could take with me last fall only dry material of this alga ; 
but that sufficed perfectly to recognize that the algoid bodies con- 
sisted of colonies of Ghvocapta and Gloeofhece cells, which richly 
secrete carbonate of lime. 

The cells of the Glceocapsa are 2 /x in diameter and spherical, 
those of GJveothece 2 — 3 // thick and 4 — 5 ii long. 

They are invested with a clear, transparent, jelly-like mem- 
brane, which exceeds the cells in thickness. There are often 
several cells in one membrane, and the more or less spherical 
membranes are always pressed closely together, creating nearly 
the appearance of a uniform mass of jelly. 

The lime is enclosed in the alga-body in the form of rounded 
tubercles which often mass themselves together into larger, irreg- 
ular tubercular Ijodies. It is a fine-grained aggregate of calcite 
which always incloses numerous dead alga-cells that have already 
lost their greenish coloring. 

The snow-white and partly silver-gray calcareous bodies of the 
strand are of three-fold form: first, there are irregular tubercular 
bodies attaining several millimeters in diameter, second, spherical 
or oval forms for the most part one-third of a millimeter in diam- 
eter, and, third, long, thin rods about one-half a millimeter long 
And one-tenth of a millimeter broad. 

If we dissolve these bodies in dilute acid, the dead and shriv- 
eled fission-algee become free in quite the same way as by dissolv- 
ing the lime of the living alg». The snow-white, calcareous 
bodies may, therefore, be understood as dead alga-bodies. 

The rounded to oval forms are, indeed, both by their external 
form and by the microscopic arrangement of the calcite, true 
oi^lites. Around an inner nucleus of irregularly granular lime, 
are laid concentric shells with, at the same time, radial arrange- 

* From the Botanisches Centmlblatt, Nr. 85, 1892. Translated by F. W. 
Oragin. 



280 Tlie American Oeologist. November, i8ie 

ment of the calcite crystals. But even in quite delicate sections 
the calcareous substance, both of the nucleus and of the shells, 
is interrupted by scattered, minute granules. If we dissolve the 
section cautiously and slowly in ver}' dilute acid, the granules 
remain behind exactly in their original position, and we recognize 
in them the dead and crumpled Ghrocapsa ceils. 

The oolites of the Great Salt lake are, therefore, indubitably 
the product of lime-secreting fission-algse, and their formation is 
proceeding day by day. The rods and tubercles are of like con- 
stitution, save that in the latter the regular concentric structure 
of the lime is lacking. Furthermore, the little rods appear to be 
richer in alga-cells than the oolites. It must be left to the Amer- 
ican botanists to accurately trace this process of oiUite- forming 
in place, or at least in living material. 

But even now the observations communicated suffice for find- 
ing an explanation of the origin of a few other already- long 
known oiUites. 

A few years since, J oh. Walther (14 w. lt> Bd. Abh. sachs. 
Ges. Wissonsch. 1888 und 1891) described and indicated as a re- 
cent formation, oiUites from the strand of the Red sea. A prin- 
cipal role is ascribed to decayed animals. Last year I likewise 
investigated these o^Mites in place and found that they are a very 
widely distributed phenomenon along the west coast of the Sinai 
peninsula and usually decrease in frequency toward the interior 
of the land, although they still may be met with many kilome- 
ters, even davs marches, distant from the shore. But thev also 
occur in older deposits which belong to the Quaternary period 
and build up the suba^rially formed low coastal tracts in the fur- 
ther Environs of Suez, whence Bauerman described them very 
well in 1 808. They are there frec|uently consolidated into a hard, 
otUitic limestone. 

These o<Uites are distinguisheii from those of the Great Salt 
lake chieflv in the fact that their nucleus alwavs consists of a for- 
eign sand-grain. The concentric shell- structure is very conspic- 
uously less developeil than the radial. Then there are always 
to be notieeii in the shells, peculiar vermiform and. not rarely, 
dichotomously branching canals that are fiUeil up with calcite, 
which, however, in its orientation is quite independent of that of 
the calcite in the concentric shells, and has a much coarser grain. 

If we dissolve the lime with acid, there remain here also minute 
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grains which cohere in thin pellicles, and have quite the aspect 
of the tission-algse, as they occur in the Utah o?^lites. 

1 have made the attempt to prove the plant-nature of these 
surviving pellicles by treatment with sulphuric acid and iodine 
solution, as well as with chloriodide of zinc, and thereby gained 
the knowledge that no blue coloring, but, indeed, a yellowish 
brown coloring, took place. Thus, however, behaved the fission- 
alg« of the Salt lake and, to my astonishment, it was quite im- 
possible for me to color, in this way, the cell- membranes of a 
Halimeda which I had collected in the Red sea. 

It appears thus that the incapacity of cellulose to be stained 
blue, occurs not only in the Fungi but also in the lower Algte. 

The oolites of the Quaternary deposits and those of the drift- 
sand are all, without exception, porcelain-white. Among those, 
on the contrary, which I have collected at Suez, on the strand ac- 
cessible only at ebb tide, I found a smaller number which have a 
silver-gray to greenish-blue color and are not easily to be dis- 
tinguished from the silver-gray oolites of the Salt lake, if there 
were not the inner foreign sand-grain. 

The explanation of the inner vermiform canals, the study of 
the fresh-water fission-alg» furnished mc. Where these live in 
great abundance in damp places, springs, or pools, there lime- 
secreting Chroococci are accustomed to grow in a forest of thread- 
like lission-alg». So also may the case be in the sea. The 
thread-like algae may then become encased by the lime-crusts, 
their room may later be filled up with lime, and thus they con- 
tinue to preserve their external form. I suppose, therefore, in 
the vermiform structures of the Sinai oolites certain thread-like 
algae which were of course not themselves immediately concerned 
in the oOlite-formation, but by the company in which they lived 
were imprisoned with it. It will be the task of future dredging 
investigations to bring to light the living oolite- maker from the 
depths of the Red'sea. 

£ight years ago I found in the Lias of the Vilser Alps (in the 
so-called '* Aechsele" in the Reichenbacher valley) a gray lime- 
stone in a thickness of several meters, deposited between brachio- 
pod-bearing white and coral-bearing limestone. The same was 
quite filled with little, longish corpuscles which, owing to their form, 
I regarded as organisms. They are rods ^ mm. thick and up to 1 
mm. long, rounded off at both ends. In section^we recognize an in- 
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ner nucleus of irregular granular calcite which repeats the form of 
the rods only on a smaller scale ; therearound is laid a shell of un- 
usually regular zonal and radial structure, exactly after the fashion 
of the true oolites. A foreign inner nucleus is never present, and 
the rather long, as well as always uniform shape of these prodig- 
iously abundant bodies confirmed me in the belief that they are 
organic forms, despite the fact that the structure of the shell af- 
forded me no point of support for it. Now, my supposition of 
that time gains much in probability because the agreement with 
the o(Uite rods of the Salt lake is one quite remarkable. 

But structures analogous to the irregularly granular alga-lime- 
stones of the Salt lake also seem to occur in older formations. I 
refer especially in this statement to the so-called ^* great oolite 
structure " of the Wettersteinkalk. 

The structure of certiiin calcareous oolites which Wethered and 
mo3t recently also Bleichor (May, 1892) have investigated seems 
to me to have great resemblance to that of the Sinai oolite and 
is, i)erhaps, to be explained in the same manner. 

In the highest degree remarkable are the 12 /i long rodlets which 
Bleicher has rendereil visible in the iron oolites bv treatment with 
aqua n^gia. He regards them, if possible, as bacteria (Comptes 
Rendus Acad. Science. Paris, March, 1892). If their plant- 
nature l)e established, they might also be claimed as fission-algse. 

According to the present stage of my researches, I am inclined 
to iH^lteve that at least the majority of the marine calcareous 
o(\lites with regular zonal and radial structure are of plant ori- 
gin : the proiiuct of microscopically small algse of very low rank, 
ca^mble of secreting lime. 

S Juli, 1892. 

THE IMMEDIATE WORK IN CHEMICAL SCIENCE.* 

AiAurr B. Pkescott, Ann Arbor. ^ 

A division of science has a work of its own to do. a work that 
well migkt be done for its own sake, and still more most be done 
in payment of wliml is dne to the other divisions. Each section 
of cor AflBOclaticHi Ims its jnst task^ and fidelity to this is an obli- 
gaUoB In all tiie aectiooa. Tliose engaged in any labor of science 
owe a dnbl to tha worid at laige^ and can be called to give an ac- 

Jlwiaiiat of the Americaa Aasodalioa for the 
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count of what they are doing, and what they have to do, that the 
truth may be shown on all sides. 

If it be in my power to make the annual address of this meet- 
ing of any service at all to you who hear it — ^in your loyalty to the 
Association — I would bring before you some account of the work 
that is wanted in the science of chemistry. Of what the chemists 
have done in the past the arts of industry speak more plainly 
than the words of any address. Of what chemists may do in the 
future it would be quite in vain that 1 should venture to predict. 
But of the nature of the work that is waiting in the chemical 
world at the present time I desire to say what I can, and 1 desire 
to speak in the interests of science in general. The interests of 
science, 1 am well assured, cannot be held indifferent to the inter- 
ests of the public at large. 

It is not a small task to find out how the matter of the universe is 
made. The task is hard, not because of the great quantity in which 
matter exists, nor by reason of the multiplicity of the kinds and 
compounds of matter, but rather from the obscurity under which the 
actual composition of matter is hidden from man. The physicists 
i*each a conclusion that matter is an array of molecules, little things, 
not so large as a millionth of a millimeter in size, and the forma- 
tion of these they leave to the work of the chemists. The smallest 
objects dealt with in science, tlieir most distinct activities become 
known only by the widest exercise of inductive reason. 

The realm of chemical action, the world within the molecules of 
matter, the abode of the chemical atoms, is indeed a new world and 
but little known. The speculative atoms of the ancients, mere me- 
chanical divisions, although prefiguring the molecules of modern 
science yet gave no sign of the chemical atoms of this century, 
nor any account of what happens in a chemical change. A new 
field of knowledge was opened in 1774 by the discovery of oxy- 
gen, and entered upon in 1804 by the publications of Dalton, a 
region more remote and more difficult of access than was the un- 
known continent toward which Christopher Columbus set his sails 
three centuries iearlier. The world within molecules has been 
open for only a hundred years. The sixteenth century was not 
long enough for an exploration of the continent of America, and 
the nineteenth has not been long enough for the undertaking of 
the chemists. When four centuries of search shall have been 
made in the world of chemical formation, then science should be 
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ready to meet a congress of nations, to rejoice with the chemist 
upon the issue of his task. 

It is well known that chemical labor has not been barren of re- 
turns. The products of chemical action, numbering thousands of 
thousands, have been sifted and measured and weighed. If you 
ask what happens in a common chemical change you can obtain 
direct answers. When coal burns in the air, how much oxygen 
is used up can be stated with a degree of exactness true to the 
first decimal of mass, perhaps to the second, yet questionable in 
the third. How much carbonic acid is made can be told in weight 
and in volume with approaching exactness. How much heat this 
chemical action is worth, how much light, how much electro-mo- 
tive force, what train-load of cars it can carry, how long it can 
make certain wheels go round, — for these questions chemists and 
physicists are ready. With how many metals carbonic acid will 
unite, how manv others it can make into carbonates, into what 
classes of molecules a certain larger fragment of carbonic acid can 
be formed, the incomplete records of these things already run 
through a great many volumes. These carboxylic bodies are open 
to productive studies, stimulated by various sorts of inquiry and 
demands of life. Such have been the gatherings of research. 
They have been slowly drawn into order, more slowly interpreted 
in meaning. The advance has been constant, deliberate, some- 
times in doubt, always persisting and gradually gaining firmer 
ground. So chemistry has reached the period of definition. Its 
guiding theory has come to be realized. 

•'The atomic theory' has more and more plainly appeared to 
be the central and vital truth of chemical science. As a working 
hypothesis it has directed abstruse research through difficult ways 
to open accomplishment in vivid reality. As a system of knowl- 
edge, it has more than kept pace with the rate of invention. As a 
philosophy, it is in touch with profound truth in physics, in the 
mineral kingdom, and in the functions of living bodies. As a lan- 
guage it has been a necessity of man in dealing with chemical 
events. Something might have been done, no doubt, without it, 
had it been possible to keep it out of the chemical mind. But 
with a knowledge of the primary elements of matter, as held at 
the iK'ginnini^ of this century, some theor}' of chemical atoms was 
inovitiil>le. And whatever theory might have been adapted, its 
use in investigation would have drawn it with a certainty into the * 
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essential features of the theory now established. It states the 
constitution of matter in terms that stand for things as they are 
made. The mathematician may choose the ratio of numerical 
notation, whether the ratio of ten or some other. But the chemist 
must find existing ratios of atomic and molecular mass, with such 
degree of exactness as he can attain. Chemical notation, the in- 
dex of the atomic system, is imperfect, as science is incomplete. 
However defective, it is the resultant of a multitude of facts. 
The atomic theory has come to be more than facile language, more 
than lucid classification, more than working hypothesis, it is the 
dejinition o/ the known truth in the existence of matter. 

The chemical atom is known, however, for what it does, rather 
than for what it is. It is known as a center of action, a factor of 
influence, an agent of power. It is identified by its responses, 
and measured by its energies. Concealed as it is, each atom has 
given proof of its own part in the structure of a molecule. Proofs 
of position, not in space but in action, as related to other atoms, 
have l>een obtained by a multitude of workers with the greatest 
advantage. The arrangement of the atoms in space, however, is 
another and later question, not involved in the general studies of 
structure. But even this question has arisen upon its own chem- 
ical evidences, for certain bodies, so that ^'the configuration*' of 
the molecule has become an object of active research. 

Known for what it does, the atom is not clearly known for what 
it is. Chemists, at any rate, are concerned mainly with what caa 
be made out of atoms, not with what atoms can be made of. 
Whatever they are, and by whatever force or motion it is that they 
unite with each other, we define them by their effects. Through 
their effects they are classified in the rank and file of the periodic 
system. The physicists, however, do not stop short of the phil- 
osophical study of the atom itself. Asa vibratory lx)dy its move- 
ments have been under mathematical calculations; as a vortex 
ring its pulsations have been assumed to agree with its combining 
power. As an operating magnet its interaction with other like mag- 
nets has been predicated as the method of valence. There are, 
as I am directly assured, ph3*sicists of penetration and prudence 
now looking with confidence to studies of the magnetic relations 
of atoms to each other.* Moreover, another company of workers, 

*'*The results of molecular physics point unmistakably to the atom as 
a magoet, in its chemical activities.'* — A. E. Dolbear, in a personal com- 
muDicatioD. 
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the chemists of geometric isomerism, assume a configuration of 
the atoms, in accord with that of the molecule. 

The stimulating truth of the atomic constitution of the molecule, 
a great truth in elastic touch with all science, excites numerous 
hypotheses, which, however profitable they may be, are to be 
stoutly held at a distance from the truth itself. Such are the hy- 
potheses of molecular aggregation into crystals and other mineral 
forms. Such are the biological theories of molecules polymerizing 
into cells, and of vitality as a chemical property of the molecule. 
Such are the questions of the nature of atoms, and the genesis of 
the elements as they are now known, questions on the border of 
metaphysics. Let all these be held distinct from the primary 
law of the atomic constitution of simple molecules in gaseous 
bodies, an essential principle in an exact science. The chemist 
should have the comfortable assurance, every day, as he plies his 
balance of precision, that the atom-made molecules are there, in 
their several ratios of quantity, however many unsettled questions 
may lie around about them. Knowledge of molecular structure 
makes chemistry a science, nourishing to the reason, giving 
dominion over matter, for beneficence to life. 

Every chemical pursuit receives strength from every advance 
in the knowledge of the molecule. And to this knowledge, none 
the less, every chemical pursuit contributes. The analysis of a 
mineral, whether done for economic ends or not, may furnish a 
distinct contribution toward atomic valence. The further exami- 
nation of steel in the cables of a suspension bridge is liable to 
lead to unexpected evidence upon polymeric unions. Rothamsted 
farm, where ten years is not a long time for the holding of an 
experiment, yields to us a classic history of the behavior of nitro- 
gen, a history from which we correct our theories. The analysis 
of butter for its substitutes has done something to set us right 
upon the structure of the glycerides. Clinical inspection of the 
functions of the living body fain finds a record of molecular 
transformations too difficult for the laboratory. The efforts of 
pharmaceutical manufacture stimulate new orders of chemical 
combination. The revision of the pharmacopoeia every ten years 
points out a humiliating number of scattered errors in the pub- 
lished constants on which science depends. The duty of the 
engineer, in his scrutiny of the quality of lubricating oils, brings 
a more critical inquiry into the laws of molecular movement. 
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There is not time to mention the many professions and pursuits 
of men who contribute toward the principles of chemistry and hold 
a share therein. If it be the part of pure science to find the law 
of action in nature, it is the part of applied science both to con- 
tribute facts and to put theory to the larger proof. In the words 
of one who has placed industry in the greatest of its debts to 
philosophic research, W. H. Perkin, **There is no chasm between 
pure aiid applied science, they do not even stand side by side, 
but are linked together." So in all branches of chemistry, 
whether it be termed applied or not, the best workers are the most 
strongly bound as one, in their dependence upon what is known 
of the structure of the molecule. 

Studies of structure were never before so inviting. In this 
direction and in that especial opportunities appear. Moreover 
the actual worker here and there breaks into unexpected paths of 
promise. Certainly the sugar group is presenting to the chem- 
ist an open way from simple alcohols on through to the cell sub- 
stances of the vegetable world. And nothing anywhere could be 
more suggestive than the extremely simple unions of nitrogen 
lately discovered. They are likely to elucidate linkings of this 
element in great classes of carbon compounds, all significant in 
general chemistry. Then certain comparative studies have new 
attractions. As halogens have been upon trial side by side with 
each other, so for instance, silicon must be put through its paces 
with carbon, and phosphorus with nitrogen. Presently, also, the 
limits of molecular mass, in polymers and in unions with water, 
are to be nearer approached from the chemical side, as well as 
from the side of physics, in that attractive but perplexing border 
ground between affinity and the states of aggregation. 

Such is the extent and such the diversity of chemical labor at 
present that every man must put limits to the range of his study. 
The members of a society or section of chemistry, coming to- 
gether to hear each other's researches, are better able, for the 
most part, to listen for instruction than for criticism. Still less 
prepared for hasty judgment are those who do not come together 
in societies at all. Even men of eminent learning must omit large 
parts of the subject, if it be permitted to speak of chemistry as 
a single subject. These considerations admonish us to be liberal. 
When metallurgical chemistry cultivates skepticism as to the 
work upon atomic closed chains, it is a culture not the most lib- 
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eral. When a devotee of oi^anic synthesis puts a low value upon 
analytic work, he takes a very narrow view of chemical studies. 
When the chemist who is in educational service disparages inves- 
tigations done in industrial service, he exercises a pitiful brevity 
of wisdom. 

The pride of pure science is justified in this, that its truth is 
for the nurture of man. And the ambition of industrial art is 
honored in this, its skill gives strength to man. It is the obliga- 
tion of science to bring the resources of the earth, its vegetation 
and its animal life, into the full service of man, making the 
knowledge of creation a rich portion of his inheritance, in mind 
and estate, in reason and in conduct, for life present and life to 
come. To know creation is to be taught of God. 

I have spoken of the century of beginning chemical labor, and 
have referred to the divisions and specialties of chemical study. 
What can I say of the means of uniting the earlier and later years 
of the past, as well as the separated pursuits of the present, in 
one mobile working force ? Societies of science are among these 
means, and it becomes us to magnify their office. For them, 
however, all that we can do is worth more than all we can say. 
And there are other means, even more effective than associations. 
Most necessary of all the means of unification in science is the 
use of its literature. 

It is by published communication that the worker is enabled 
to begin, not where the first investigation began, but where the 
last one left off. The enthusiast who lacks the patience to con- 
sult books, presuming to start anew all by himself in science, has 
need to get on faster than Antoine L. Lavoisier did when he began, 
an associate of the French Academy in 1768. He of immortal 
memory, after fifteen eventful years of momentous labor, reached 
only such a combustion of hydrogen as makes a very simple class 
experiment at present. But, however early in chemical discov- 
ery, Lavoisier availed himself of contemporaries. They found 
oxygeu, he learned oxidation ; one great man was not enough, in 
1 774, both to reveal this element and show what part it takes in 
the formation of matter. The honor of Lavoisier is by no means 
the less that he used the results of others, it might have been the 
more had he given their results a more explicit mention. Men 
of the largest original power make the most of the results of 
other men. Discoverers do not neglect previous achievement, 
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however it may appear in biography. The masters of 
are QndeT the linritKtioiiB of tbeir age. Had Joseph Priestley 
lived in the seventeenth century he had not discovered oxygen. 
Had August Kekule worked in the period of Berzelius, some 
other man would have set forth the closed chain of carbon com- 
bination, and Kekule, we may be sure, would have done some- 
thing else to clarify chemistry. Such being the limitations of 
the masters, what contributions can be expected in this age from 
a worker who is without the literature of his subject ? 

In many a town some solitary thinker is toiling intensel}' over 
some self-imposed problem, devoting to it such sincerity and 
strength as should be of real service, while still he obtains no 
recognition. Working without books, unaware of memoirs on 
the theme he loves, he tries the task of many with the strength 
of one Such as he sometimes send communications to this asso- 
ciation. An earnest worker, his utter isolation is quite enough to 
convert him into a crank. To every solitary investigator 1 should 
desire to say, get to a library of your subject, learn how to use its 
literature, and possess yourself of what there is on the theme of 
your choice, or else determine to give it up altogether. You 
may get on very well without college laboratories, you can sur- 
vive it if unable to reach the meetings of men of learning, you 
can do without the counsel of an authority, but you can hardly be 
a contributor in science except you gain the use of its literature. 

First in importance to the investigator are the original memoirs 
of previous investigators. The chemical determinations of the 
century have been reported by their authors in the periodicals. 
The serials of the years, the continuous living repositories of all 
chemistry, at once the oldest and the latest of its publications, 
these must be accessible to the worker who would add to this 
science. A library for research is voluminous, and portions of 
it are said to be scarce, nevertheless it ought to be largely sup- 
plied. The laboratory itself is not more important than the 
library of science. In the public libraries of our cities, in all 
colleges now being established, the original literature of science 
ought to be planted. It is a wholesome literature, at once a stim- 
ulant and a corrective of that impulse to discovery that is fre- 
quent among the people of this country. That a good deal of it 
is in foreign languages is hardly a disadvantage ; there ought to be 
some exercise for the modern tongues that even the public high 
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schools are teaching. That the sets of standard journals are get- 
ting out of print is a somewhat infirm objection. They have no 
right to be out of print in these days when they give us twenty 
pages of blanket newspaper at breakfast, and offer us Scott's 
novels in full for less than the cost of a day's entertainment. As 
for the limited editions of the old sets, until reproduced by new 
types, they may be multiplied through photographic methods. 
When there is a due demand for the original literature of chem- 
istry, a demand in accord with the prospective need for its use, 
the supply will come, let us believe, more nearly within the 
means of those who require it than it now does. 

What I have said of the literature of one science can be said, 
in the main, of the literature of the other sciences. And other 
things ought to be said, of what is wanted to make the literature 
of science more accessible to consulting readers. A great deal 
of indexing is wanted. Systematic bibliography, both of pre- 
vious and of current literature, would add a third to the pro- 
ductive power of a large number of workers. It would promote 
common acquaintance with the original communications of re- 
search, and a general demand for the serial sets. Topical bibli- 
ographies are of great service. In this regard I desire to ask 
attention to the annual reports of the committee on Indexing 
Chemical Literature, in this association for nine years past, as 
well to recent systematic undertakings in geology, and like move- 
ments in zoology and other sciences. Also to the Index Medicus, 
as a continuous bibliography of current professional literature. 

Societies and institutions of science ma}' well act as patrons to 
the bibliography of research, the importance of which has been 
recognized by the fathers of this Association. In 1855, Joseph 
Henry, then a past president of this bod}', memorialized the Brit- 
ish Association for cooperation in bibliography, offering that aid 
of the Smithsonian Institution which has so often been afforded 
to publications of special service. The British Association ap- 
pointed a committee, who reported in 1857, after which the under- 
taking was propwjsed to the Royal Society. The Royal Society 
made an appeal to her Majesty's government, and obtained the 
necessary stipend. Such was the inception of the Royal Society 
Catalogue of scientific papers of this century, in eight quarto 
volumes, as issued in 1867 and 1877. Seriously curtailed from 
the generous plan of the committee who proposed it, limited to 
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the single feature of an index of authors, it is nevertheless of 
great help in literary search. Before any list of papers, how- 
ever, we must place a list of the serials that contain them, as 
registered by an active member of this Association, an instance 
of industry and critical judgment. I refer to the well-known 
catalogue of scientific and technical periodicals, of about five 
thousand numbers, in publication from 1665 to 1882, together 
with the catalogue of chemical periodicals by the same author.* 

Allied to the much needed serv-ice in bibliography, is the service 
in compilation of the Constants of Nature. In the preface of 
his dictionary of solubilities, in 1856, Professor Storer said ** that 
chemical science itself might gain many advantages if all known 
facts regarding solubility were gathered from their widely scat- 
tered original sources into one special comprehensive work." 
That the time of the philosophical study of solution was near at 
hand has been \'erified b}' recent extended monographs on this 
subject. In like manner Thomas Carnelley in England, and early 
and repeatedly our own Professor Clarke in the United States, t 
bringing multitudes of scattered results into coordination, have 
augmented the powers of chemical service. 

What bibliography does for research, the HandwOrterbuch does 
for education, and for technology. It makes science wieldy to 
the student, the teacher and the artisan. The chief dictionaries 
of science, those of encyclopedic scope, ought to be provided 
generally in public libraries, as well as in the libraries of all high 
schools. } The science classes in preparatory schools should make 
an acquaintance with scientific literature in this form. If schol- 
ars be assigned exercises which compel reference reading, they 

*■ Bolton's Catalogue of Scientific and TechDical Periodicals (1885: 
Smithsonian) omits the serials of the societies, as these are the subject 
of Scudder's Catalogue of Scientific Serials (1879: Harvard Univ.) On 
the contrary Boltoirs Catalogue of Chemical Periodicals (1885: N. Y. 
Acad. Sci ) includes the publications of societies as well as other serials. 
Chemical technology is also represented in the last named work. 

t The service of compilation of this character is again indicated by 
this extract from Clarke's introduction to the first edition of his *' Con- 
stants" (1873): ** While engaged upon the study of some interesting 
points in theoretical chemistiv, the compiler of the following tables bad 
occasion to make frequent reference to the then existing lists of specific 
gravities. None of these, however, were complete enough. . . ." 

^The statistics of school libraries in the United States are very mea- 
gre, the expenditures for them being included with that for apparatus. 
For libraries and apparatus of all common schools, both primary and 
secondary, the annual expenditures is set at $987,048, which is about 
seven-tenths of one per cent, of the total expenditure for these schools. 
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will gain a beginning of that accomplishment too often neglected^ 
even in college, how to use books. 

The library is a necessity of the laboratory. Indeed, there is 
much in common between what is called the laboratory method, 
and what might be called the library method, in college training. 
The educational laboratory was instituted by chemistry, first tak- 
ing form under Liebig at Giessen only about fifty years ago. 
Experimental study has been adopted in one subject after an- 
other until, now, the ** laboratory method " is advocated in lan- 
guage and literature, in philosophy and law. It is to be hoped 
that chemistry will not fall behind in the later applications of 
**the new education" in which she took so early a part. 

The advancement of chemical science is not confined to discov- 
ery, nor to education, nor to economic use. All of those interests 
it should embrace. To disparage one of them is injurious to the 
others. Indeed, they ought to have equal support. It would be 
idle to inquire into their respective advantages. This much, how- 
ever, is evident enough, chemical work is extensive and there is 
immediate want of it. 

Various other branches of science are held back by the delay 
of chemistry. Many of the material resources of the world wait 
upon its progress. In the century just before us the demands 
upon the chemist are to be much greater than they have been. 
All the interests of life are calling for better chemical informa- 
tion. Men are wanting the truth. The biologist on the one 
hand, and the geologist on the other, are shaming us with inter- 
rogatories that ought to be answered. Philosophy lingers for the 
results of molecular inquiry. Moreover the people are asking 
direct questions about the food they are to eat, or not to eat, asking 
more in a day than the analyst is able to answer in a month. The 
nutritive sources of bodily power are not safe, in the midst of 
the reckless activity of commerce, unless a chemical safeguard be 
kept, a guard who must the better prepare himself for his duty. 

Now if the people at large can but gain a more true estimation 
of the bearing of chemical knowledge, and of the extent of the 
chemical undertaking, they will more liberally supply the sinews 
of thorough-going toil. It must be more widely understood that 
achievements of science, such as have already multiplied the 
hands of industry, do not come by chances of invention, nor by 
surprises of genius. It must be learned of these things that they 
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come by breadth of study, by patience in experiment, and by the 
slow accumulations of numberless workers. And it must be 
made to appear that the downright labor of science actually de- 
pends upon means of daily subsistence. It must be brought 
home to men of affairs, that laboratories of seclusion with deli- 
cate apparatus, that libraries, such as bring all workers together 
in effect, that these really cost something in the same dollars by 
which the products of industrial science are measured. Statistics 
of chemical industry arc often used to give point to the claims of 
science. For instance it can be said that this country, not mak- 
ing enough chemical wood pulp, has paid over a million dollars a 
year for its importation. That Great Britain pays twelve millions 
dollars a year for artificial fertilizers, from without. That coal tar is 
no longer counted a by-product, having risen in its value to a par 
with coal gas. But these instances, as striking as numerous others, 
still tend to divert attention from the more general service of chem- 
istry as it should be known in all the economies of civilization. 

It is not for me to say what supplies are wanted for the work 
of chemists. These wants arc stated, in quite definite terms, by a 
sufficient number of those who can speak for themselves. But if 
my voice could reach those who hold the supplies, I would plead 
a most considerate hearing of all chemical requisitions, and that a 
strong and generous policy may in all cases prevail in their behalf. 

If any event of the year is able to compel the attention of the 
world to the interests of research, it must be the notable close of 
that life of fifty years of enlarged chemical labor, announced 
from Berlin a few months ago. When thirty years of age, August 
Wilhelm von Hofmann, a native of Giessen and a pupil of Liebig, 
was called to work in London. Taking hold of the organic de- 
rivatives of ammonia, and presently adopting the new discoveries 
of Wurtz, he began those masterly contributions that appear to 
have been so many distinct steps toward a chemistry of nitrogen, 
such as industry and agriculture and medicine have thriven upon. 
In 1850 he opened a memoir in the philosophical transactions 
with these words **the light now begins to dawn upon the chaos 
of collected facts. " Since that time the coal tar industry has 
risen and matured, medicine has learned to measure the treatment 
of disease, and agriculture to estimate the fertility of the earths 
It seems impossible that so late as March of the present year, be 
was still sending his papers to the journals. If we could say 
something of what he has done we could say nothing of what he 
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has caused others to do. And vet, let it be heard in these United 
States, without such a generous policy of expenditure for science 
as gave to Dr. Hofmann his training in Giessen, or brought him 
to London in 1848, or built for him laboratories in Bonn and Ber- 
lin, without %\xc\i provision by the State, th^ fruits of his service 
would have been lost to the world. Aye, and for want of a like 
broad and prudent provision for research with higher education, 
in this country, other men of great love for science and great 
power of investigation every year fail of their rightful career for 
the service of mankind. 

For the prosecution of research, in the larger questions now be- 
fore us, no training within the limitations of human life can be 
too broad or too deep. No provision of revenue, so far as of 
real use to science, can be too liberal. The truest investigation 
is the most prudent expenditure that can be made. 

In respect to the support that is wanted for work in science, I 
have reason for speaking with confidence. If I go beyond the 
subject with which I began I do not go beyond the warrant of 
the Association. This body has lately defined what its members 
may say, l)y creating a committee to receive endowments for the 
support of research. 

There are men and women who have been so far rewarded, that 
great means of progress are in their hands, to be vigorously held 
for the best advantage. Strength is required to use large means, 
as well as to accumulate them. It is inevitable to wealth, that it 
shall be put to some sort of use, for without investment it dies. 
B}' scattered investment wealth loses personal force. The Amer- 
ican Association, in the conservative interests of learning, pro- 
poses certain etfective investments in science. If it be not given 
to every plodding worker to be a promoter of discovery, such at 
all events is the privilege of wealth, under the authority of this 
Association. If it be not the good fortune of every investigator 
to reach knowledge that is new, there are, every year, in every 
section of this body, workers of whom it is clear that they would 
reach some discovery of merit, if only the means of work could 
be granted them. Whosoever supplies the means fairly deserves 
and will receive a share in the results. It is quite with justice 
that the name of Elizabeth Thompson, the first of the patrons, 
has V>een associated with some twenty-one modest determinations 
of merit recognized by this Association. 

"To procure for the labors of scientific men increased facilities'' 



Volcanic Dnat from Omaha^ Neh, — Ti>dd. 295 

is one of the constitutional objects of this l)ody. It is time for 
effectiveness towards this object. The association has estab- 
lished its character for soand judgment, for good working organ- 
ization, and for representative public interest. It has earned its 
responsibility as the American trustee of nnilertnkhigs hi science. 

•'To give a stronger impulse ... to scientific 

research'* is another declaration of what we ought to do. To this 
end larger endowments are necessarj'. And it will be strange if 
some clear-seeing man or woman does not put ten thousand 
dollars, or some multiple of it, into the charge of this l>ody for 
8ome searching experimental inquir}' now waiting for the material 
aid. The committee upon endowment is ready for consultation 
upon all required details. 

• 'To give more systematic direction to scientific re- 

fjeareh" is likewise stated as one of our objects. To this intent 
the organization of sections affords opportunities not surpassed. 
The discussions upon scientific papers give rise to a concord of 
competent opinions as to the direction of immediate work. And 
arrangements providing in advance for the discussion of vital 
<lU(\stions, as formally moved at the last meeting, will in one way 
or another point out to suitable persons such lines of labor as 
will indeed give systematic direction to research. 

In conclusion I may mention another, the most happy of the 
duties of the American Association. It is to give the hand of 
hospitable fellowship to the several societies who year by year 
gather with us upon the same ground. Comrades in labor and in 
refreshment, their efforts reinforce us, their faces brighten our 
way. May they join us more and more in the companionship 
that sweetens the severity of art. A meeting of good workers is 
a remembrance of pleasure, giving its zest to the aims of the 
vear. 

VOLCANIC DUST FROM OMAHA. NEBRASKA.* 

By J. E. Todd, VermiUion, S Dak. 

This material was from a stratum of whitish aspect, about 18 
Inches in thickness, found in the bluffs facing the Missouri river 
about 7^^ miles north of Omaha. It has the same general char- 
acteristics as the volcanic dust which has been found in quantity 
along the Republican, in southern Nebraska, also in Knox, Cum- 

♦Proceedings of the Iowa Academy of Science, 1891. 
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ming and Seward counties in the same state. This statement is 
made on the authority of J. S. Diller,of the United States Geolog- 
ical survey, who has examined samples from all these localities 
microscopically. This differs in being stained with oxide of iron, 
and the sharp angular grains are coated with carbonate of lime. 
Like the rest it contains with the finely pulverized glass, a few 
rounded grains of quartz and angular grains of feldspar less than 
.02 of a millimeter in diameter. The dust is such as is carried 
through the air from volcanoes. The sand grains and occasional 
diatoms indicate its deposition in still water. 

The following is a section of the bluff containing the volcanic^ 
dust stratum: 

Twenty-five to thirty feet — Loess, exposed as much more on 
slope above. 

Seven feet — Stratified yellow clayey loam, with many calcare- 
ous concretions. 

One and one-half feet — Volcanic dust, stained with iron oxide. 

Five feet — Yellow clayey loam, slightly stratified. 

One-half foot — Fine gray sand. 

Twenty feet — Coarse sand and pebbles obliquely stratified. 

Fifteen feet — Unknown, probably in part blue till Level of 
the Missouri river. 

This locality is the most eastern exposure of the volcanic dust 
stratum which is found scattered over most of Nebraska. Dili- 
gent search has as 3'et failed to discover it on the Towa side of 
the Missouri. 



NEW DISCOVERIES AT BAOUSSE ROUSSE, NEAR 

MENTONE. 

By the Marvuis Db Nadaillac. 

I know of no discovery touching pre-historie times more re- 
markable than those made in the caves of Baousse Roussi*, be- 
tween Mentone and Ventimiglia, on the liorders of France and 
Italy. These eaves were first discovered in 1872 by Mr. Riviere. 
Since that time this learned gentleman 1ms vigorously prosecuted 
his excavations,* and they have yielded numerous human skele- 
tons, all belonging to the celebrated Cro-Magnon race, who at the 
end of tho (Quaternary period, or perhaps at the beginning of 

*They are related at length in "L'AntiquiK? de i*humme dans les Alpen 
maritinies." Paris, L B. B«lilii^^e et Ills, 1887, 
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neolithic times, ruled not only the south of France, but also all 
the Mediterranean shores. It is these same men we meet with 
under the names of Iberians, Ligurians, Sicanians, perhaps also 
under those of Pelasgians and Berbers. It is their bones that 
the brothers Siret found in the south of Spain, professor Sergi in 
Italv, and Mr. Riviere at Baousse Roussv. 

All the bones, wherever found, show a great similitude. They 
are robust, and bespeak an athletic constitution and a large mus- 
cular power. The men were remarkably tall, the crania are doli- 
chocephalic, the tibias platycnemic, but since Dr. Manouvrier's 
observations, we cannot see there an inferior character. The 
cranium of the first skeleton found (an old man) measured 1.590 
cubic centimeters. The cranium of the woman found next to 
him 1,450 cubic centimeters; but this last measurement is not 
finite accurate, on account of the decomposed state of the bones. 

The man had upon his head a net of small shells {Nashua ueritea), 
and bracelets of shells round his arms and legs. Near him Mr. 
Riviere collected more than 150 stone implements, and also num- 
erous bones of mammals, birds, and fishes, evidently the food of 
these people. 

New discoveries ([uickly followed the first ones, and we always 
fin<l a particular mode of inhumation, which, I believe, still ex- 
ists, or lately existed, in some Indian tribes. The lK>nes of all 
the adults, after the total decomposition of the flesh, were painted 
in red with the help of peroxide of manganese or other sub- 
stances fre<iuently met with in the different caverns. 

The last excavations took place in February, 1892, in one of 
these caves, named Barma Grande. A communication made to 
the Academic des Inscriptions, March 4, 1892, informed us of 
the discovery, at 8 metres l)elow the level of the ground, of three 
new skeletons, a man, a woman, and a young subject whose dentes 
sapientia; had not yet evolved. They had been buried on a bed 
of cinders, broken fragments of 'charcoal, remains of all sorts, 
evidently the hearth on which the family cooked their victuals. 
The \x)y wore a necklace formed of two rows of the verte])rfle of 
a fish and one row of small -shells. At different points hung 
pendants cut out of the canine teeth of stags, decorated with 
parallel stria?. The man had also a necklace of fourteen canines 
of the stag, also striated. With the skeletons were found a cer- 
tain number of stone instruments, some of them finely worked, 
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but none of them polished, and some bone implements of ven- 
gross fabrication. 

The man was very tall, and, if we judge by the length of the 
thigh-bone (545 millimeters), his hight must have exceeded two 
metres (6 feet 6 inches). The boy, who had not yet attained his 
manhood, measured 1.63 metres (5 feet 8 inches). We must also 
remark the extreme wear of the teeth, very apparent already in 
the boy, and which in the man extended to their very root. 1 
have alreadv said that the caves of Baousso Kousse vielded numer- 
ous bones of mammals, but none of them belonged to the extinct 
species, not even to the reindeer which is found in the south of 
France even at a late i)eriod. On the other liand, no ix)lishe<l 
stone implement was ever found in these caves. We can there- 
fore give these men a pretty accurate date, and place their exist- 
ence, as 1 have said, at the end of the Quaternary or the begin- 
ningof the neolithic times. One cave remains as yet unexcavatcd. 
It belongs to the Prince of Monaco. Ortiers are given that the 
excavations shall begin next spring. If they produce anything 
of interest. 1 will not fail to report them to the readers of Srivuce. 

Kougemont, Sept. 2. — Svirmu, Sept. JS. 



THE SHORE-LINES OF ANCIENT GLACIAL LAKES.* 

By J. E.Todd, Vermillion, S. Dak. 

As most are aware, there are areas of drift external to any ter- 
minal moraines, the origin of which is still in disi)ute. On 
general principles, it would be expected that numerous lakes 
would have frequently occurred during the Ice Age. As the ice 
advanced, streams would frecjuently be dammed, and their chan- 
nels more or less changed, and the weight of the ice, with its 
chilling effect, in level areas would not infreciuently produce a 
subsidence toward the ice, which would often become filled with 
the floods escaping from the ice. 

(leike, in his ^'Fce Age,' last edition, draws a graphic picture 
of such lakes in central North America. Inferences derived from 
the Merjelen sea, and similar lakes in the Alps, (rreenland and 
the Hiniahiyjis, strongly urge the probability of much larger ones 
of the same kind during ancient times. Such have been found in 

*Procee(rmc:8 of the Iowa Acadeinv ol Science, l^iM. 
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side moraines upon the more recent drift. Lake Agassiz,and the 
lake of the Blue Karth region in Minnesota, and lake Dakota and 
James lake in Dakota, readily come to mind in this connection. But 
can similar lakes be recognized in the much eroded and fragment- 
ary de|>08its external to the great terminal moraines? Some, as 
(me with whom I was talking a few years ago, when discussing 
Prof. Wright's hypothesis of lake Ohio, said, <*Glacial lakes are 
a delusion and a snare,'' yet the same person has mapped such a 
lake in central Wisconsin. Others would refer most of theextra- 
morainic drift to this cause. 

One difficulty, and one which some consider insuperable, is the 
absence of distinct barriers and shore-lines and old water levels. 
The beaches of lake Agassiz have been readily traced, but where 
are there any such traceable about lake Ohio or lake Missouri, or 
anywhere upon what has been called the older drift? The even, 
flat topography impresses one with lacustrine character in trav- 
ersing the Blue Earth region, or that between Scotland and 
Mitchell, S. D. ; but we can readily see that if a lake has l)cen of 
transitory duration it would fail of producing a plain. 

Before dwelling on a few recent observations, which it is thv 
main purpose of this paper to present, let us consider briefly a few 
reasons for the common obscurity of the shore-lines of old glacial 
lakes. 

1. The surface of such lakes would usually be very inconstant. 
The ice would have been a very uncertain barrier. The chance of 
depositing a l)each or cutting a cliflT would, therefore, have been 
small. 

2. The accumulation of shore deposits would not only be 
slight, but being made largely by floating ice would be quite un- 
e<(ually distributed, especially ui wide and shallow lakes. Preva- 
lent winds would drive the drift- laden ice to certain shores much 
more than to others. If the lakes contained islands, the more 
remote shores might n»ceive no erratics. 

3. The ditference in the ease of erosion bc^tween glaeio-natant 
drift clays and the formations lx)rdering them, may produce 
marked changes in topography and drainage. The regions of 
Dakota and Nebraska illustrate this well. Loose sands and easily 
eroded clay^ border the western edge of the compact and often 
lM)ulder clad drift clays. While the latter are little affected by 
rains and streamlets, the former are rapidly removed. Moreover. 
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the former aiv* peculiarly subject to sliding and slushing out at 
bavse. The amount of erosion which has taken place since the 
occupation of the earlier glacial lakes may be more perfectly real- 
ized when we learn that the prominent high terrace found along 
the Missouri. White and Cheyenne rivers is more than 3i)(> feet 
above their present water level. This terrace dates from the 
time of the secor\d moraine, or possibly of the first of the * -sec- 
ond glacial epoch.'' And this terrace is much more recent than 
the lakes under consideration. An erosion, which has excavated 
•these valleys to such a depth, must certainly ha ve greatly changed 
the surface along the old lake lK)rders. 

4. Yet another influence may have f recjuently done much to mask 
lacustrine features, viz.. orographic changes. ( Jilbert has recognized 
this as prominent in the cases of lakes Bonneville and Ontario. 
Chamberlin finds an elevation of Champlain deposits, of 830 
feet in eastern Wisconsin, and of 5-000 feet in northwestern part 
of the same state. And this has been in a much less time than 
has elap.sed since lake Missouri was filled with loess. 

So much on general principle. As may be remembered the 
writer has held that the extra-morainic drift of the Missouri val- 
ley is probably of sub-acpieous origin, that lake Missouri which 
deposited the loess, at an earlier stage was partly filled with sand, 
gravel and boulder clay; that a similar lake occupied the Red 
Lake region, from the Bijou hills to the big bend. Also that a 
similar one covered a wide scope of country from near the month 
of the Mon»au northward. Hitherto, I have found rather scanty 
evidence of an old water level in the distribution of boulders 
about th(» Bijou hills, 5JK) above the Missouri or 1,900 above 
the sea. and a patch of bouldery gravel and clay 510 feet above 
the Missouri, covering an acre or so, south of the mouth of 
White river. 

In 1S88 Prof. (5. F. Wright reported the finding of something 
lik(» a moraine along the divide south of the Moreau river. (Set* 
Pi-oc. A. A. A. 8.; 1888.) 

It has been my privilege the past season (1890) to traverse the 
course of J'rof. Wright, with the same companion, Rev. T. L. 
Kiggs. and to spend a few days in the examination of this feature. 

I fouiKl Fox ridge a high sandy i)hiteau, forming the divide 
between the Mon^au and Big Cheyenne rivers. Upon it, and on 
Its south slope. I found no northern erratics. Its summit, twenty 
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miles we.sl of the Minsouri, is alK)ut 2.400 feet alK)ve the sea. 
Along its northern slope is a peculiar flat-topped, biitte-like ridge 
running east and west for 15-20 miles, its top being nearly hori- 
zontal and about r)0 feet lower than the summit of Fox ridge. 

This was determined not only by several barometic readings, 
but by dist^mt views from both north and south. The ridge is 
well covered witii granite boulders, and drift 2-5 feet thick, but 
»trang(» to say. no nortliern <lrift was found south of the ridge, 
except when* its presence could be accounted for by recent trans- 
portation. The land just south of the ridge is frequently 50 feet 
lower than its top. This ridge is not strictly continuous. There 
is a wide gap. particularly, where it is crosstul by the Virgin creek. 

Th(» margin of the drift 1 had not time to trace fully, but was 
informed by Mr. Uiggs, who knows the region well, that it crosses 
the Moreau 25-HO miles west of its mouth and runs northward at 
about the same distance from the Missouri for an indefinite dis- 
tance. Inside this margin the land nowhere rises higher than the 
margin, and it is here and there sprinkled with northern bould- 
ers, oft<Mi in patches, especially <m the higher levels. The divide 
betw(H»n the Moreau and Grand rivers has an altitude of about 
2,*{00 f(H^l. Mo.st of the surface is (»f Cretaceous clays, and is 
much eroded, the alternating layers of hai*d and soft material, 
})roducing an int<M*esting topogniphy, studded here and there with 
high, flat-topped buttes. 

The course of the marginal ridge south of the Moreau is in 
line with some high clay buttes on the east side of the Miflsouri, 
just above the mouth of the Little Cheyenne, which are known as 
Welland .buttes. Th(»y are strewn with a thin layer of boulders, 
an 1 are the west end of a high divide separating the Little Chey- 
enne and Swan Lake creek. Crossing this divide is a well pre- 
serv(Ml ancient channel, more than 400 feet above the Misflouri, 
and there are traces of an old terrace along the Missoari, near the 
Wt^lland buttes, at about the same level. 

Patting the.se things together, we come with some confidence io 
this conclusion: Fox ridge, with its eastern extension, the Wel- 
land butte.s and tin* high land southwest of Bowdle and west of 
Faulkton. once formo:l the divide? between the Cheyenne and 
Moreau rivers, when they flowed through to the James river val- 
ley. When the great ice sheet came down the latter valley dur- 
ing the glacial period, and occupied the outermost terminal Mi«f- 
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raiae, there was for a time a great lake formed north of this Fox 
ridge divide. It was deep enough to float ice-floes and probably 
l>ergs from the edge of the ice sheet further north. These 
formed a bouldery beach along the mai^in, particularly along the 
southern side. Of the two outlets indicated, the western one 
cut down more rapidly, and formed part of the course of the 
Missouri. As erosion proceeded the boulder^' margin became a 
ridge, because it yielded less rapidly to degradation than the soft 
clays and loose sands adjacent. 

For this glacial lake we propose the name lake Arikaree, after 
the Indian tribe whose home formerly occupied a considerable 
portion of its area. 

EDITORIAL COMMEI^T. 



An Interglacial Chronometer; A Correction. 

In an article in the August number of the Geologist (1802), 
entitled *'An Approximate Interglacial Chronometer," is an ob- 
vious error. It is plain to anyone who carefully studies the 
map given on plate vi that the " interglacial gorge " which is 
represented to extend from the mouth of Bassett's creek, on the 
west side of the river, to the mouth of Nine- mile creek, should 
be continued, and actuall}' was continued, further northward, and 
to the mouth of Rice creek, where the * * pre-glacial gorge * is 
represented to begin. If the interglacial erosion began because 
the first glacial ci>och displaced the river from any portion of its 
bed, the gorge that was the result of such interglacial erosion 
must have begun where the displacement began. The displace- 
ment began at the mouth of Rice creek, at that time, and not at 
the mouth of Bassett's creek. This will make the interglacial gorge 
extend, as the Trenton limestone is known on each side of the river 
to extend, to near the mouth of Rice creek, increasing the result 
that expresses interglacial time to about fifteen thousand years. 

It was an oversight in the calculation, due to the use of an old 
map showing the gorge through the western limits of Minneajx)- 
lis made in discussing the post-glacial recession of the falls of 
St. Anthonv. The reader should understand the dotted lines 
that outline the interglacial gorge to be continued northward to 
the point wliorc the pre-glacial gorge begins, and should substi- 
tute 15, (MM) years for 0,750. 
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A Mortuary Bitter-Swekt. 

It is gathered from a recent obituary memoir that its subject 
in his youth was a good boy at school ; neat and tidy ; that he 
had a handsome forehead, lips well proportioned, and was crowned 
with fine hair ; that he had a natural and very modest demeanor ; 
that he was born to be a naturalist ; that loyalty to truth and in- 
genuousness were shining features of his nature (sic) ; that he had 
the rare experience of living nearly sixty-eight years without 
making an enemy ; that he proved himself an eligible candidate 
for a professorial chair; that he was elected *' without compe- 
tition '' to the chair of president of an institution of Natural 
Sciences, which his biographer had held for a number of years 
before ; and that at a meeting held after his death << ample testi- 
mony was adduced that he had attained distinction. '* This is the 
bright side of the picture, and all of it, except that which the 
writer puts in quotation marks as cited from other sources. But 
oh ! how different it is with the other side ! We learn that in 
youth he was distinguished for disobedience of his parents and 
playing truajit ; his early medical career was soon closed on ac- 
count of neglect of duty and medical incompetency. It is fur- 
ther distinctly inferred, although not absolutely stated, that the 
pristine glory of the professorship of anatomy in the institution in 
which he filled that oflfice was dimmed by his appointment. Even his 
father thought a good sign painter was spoiled to make a poor 
doctor. He was honored by being appointed a delegate of his uni- 
versity at two national meetings, without accomplishing anything 
for the credit of the institution. He delivered lectures to students 
on scientific subjects, seldom giving them the means of making 
useful application of his teachings in surgery and medicine; and 
he lectured and wrought for his university as a means of self 
maintenance, and because it was the principal source of his liveli- 
hood. He was a member of an important committee and a trus- 
tee of an important fund without attending to his duties. 

A lady of social influence made him a lion and he had the temer- 
ity to resemble some of the paintings of his biographer's Saviour. 
At the age of sixty-five work and conviviality had abated his phys- 
ical and mental powers, and he even wrote a line from which the 
interpretation could be extorted that he believed in the possession 
of an unknown power by a suspected charlatan. His works are 
principally anatomical and of little interest to others than votaries 
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of natural history, owing to their lack of applicability to indus- 
trial use. Though deeply interested in botany, Prof. Porter did 
not think his knowledge profound, and in fact a determination of 
a species by the subject of the sketch was promptly shown to l)e 
fallacious and corrected by a lady at Bar IIar)x)r. Though deeply 
interested in mineralogy from l)oyhood he was more than once 
taken in by dealers in minerals who wished to test his knowledge. 

His head was small and his brain-weight l>elow the average, 
which deficiency he probably compensated by good digestive ap- 
paratus. He called poetry ** rhyming stuff/' and adopted the 
ethics of John Fiske. One attribute of genius he shared with 
it — /. <., sterility. No student of natural history was ever more 
assisted. After his death, representatives of his university solic- 
ited an immedtate contribution of $50, 000 as an endowment fund, 
first to his widow and ultimately to revert to his university, but 
it is probable from the failure of the effort that the public has 
not judged' the endowment urgent. * * * * 

The reader will naturally ask «)f whom this gloomy account is 
given. Was he Prof. Webster the murderer of Parkman ? On 
what stage did this evidently overvalued person perform ? Above 
all, did he come to a good end ? for with the natural perversity 
which his biographer pictures it is to ho feared that he did not. 

In answer let it be said that this singularly severe eulog}' or 
friendly cacology is entitled, '*A sketch of the life of Joseph 
Leidy, M. D. , LL. T>. , by W. S. W. llusehenbergeT, M. 1). , " and from 
the fact that its author has much experience and unquestioned 
success in preparing sketches of this kind (for which his indefati- 
gable industry in the bibliography of his subject fits him), it is an 
example of the kind of history which one man can write of an- 
other who is his opposite in character and attributes ; even when 
that writer is prepared by long service in a Philoso-Necrological 
Society. It is like a photograph of a bright landscape in mono- 
chromatic light; still, only for those few who are iiistinguished 
enough to invite the danger does it add a new terror to death. 

The ToiMxiRAPincAL mai» of tiik UNirKD States. 

Tlu' subject of the proper adjustment of the scientific survey's 

of tlie territories was submitted by (Vmgress to the National 

Actidi'my of Sciences in 1S7S. The Academy was requested to 

^'takc* under consideration ihv methods and expenses of conduct- 



Editorial Comment . 305 

ing all surveys of a scientific character under the War or Interior 
Departments, and the surv'eys of the Land Ottiee, and to report 
to Congress, as soon thereaft^T as may be practicable, a plan for 
surveying and mapping the territories of the United States, on 
such general system as will, in their judgment, secure the best 
results at the least possible cost. ' 

A c(mimittee of the Academy reported recommending two dis- 
tinct bureaus or departments, under separate heads, one for sur- 
veys of mensuration, to include the Coast and Geodetic survey 
and the topographical work of the Land Survey office, and one 
for the determination of all (questions relating to the geologic 
structure and natural resources of the public domain. • 

The sphere and duties of the latter were more fully defined: 
•The best interests of the public domain require, for the pur- 
poses of intelligent administration, a thorough knowledge of its 
geological structure, natural resources and products. The domain 
embraces vast mineral wealth in its soils, metals, salines, stones, 
•clays, etc. To meet the requirements of existing laws in the dis- 
position of the agricultural, mineral, pastoral, timlwr, desert and 
swamp lands, a thorough investigation and classificaticm of the 
acreage of the public domain is impi»ratively demanded. The 
<'ommittee therefore recommend that Congress establish, under 
the Department of the Interior, an independent organization, to 
be known as the United States geological surve}', to be charged 
with the study of the geological structure and economic resources 
of the public domain; such a survey to be placed under a director, 
who shall be api)ointed by the president and who shall report 
directly to the Secretary of the Int(»rior. '" 

This report was favorably received, and the act of Congress 
which established the I'. S. (leological survey (March 8, 1879), 
included in an act making appropriations for ''sundry civil ex- 
penses ' has the following words: "For the salary of the director 
of the geological survey, which office is hereby established, under 
the Interior Department, who shall be appointed by the president 
bv and with the advice and consent of the Senate, six thousand 
^lollars; Pmciiled, That this officer shall have the direction of the 
geological surve}'. and the classification of the public lands, and 
the examination of the geological structure, mineral resources 
and products of the national domain, and that the director and 
jnembers of the geological survey shall have no personal or 
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private interests in the lands or mineral wealth of the region un- 
der survey, and shall execute no surveys or examinations for 
private parties or corporations; and the Oeological and (reographi- 
cal survey of the Territories, and the (Jeological and (leographi- 
cal sur>'ey of the Rocky mountain region, under the Department 
of the Interior, and the (leographical sun'eys west of the l(K»th 
meridian, under the War Department, are hereby discontinued, 
to take effect on the thirtieth day of June, eighteen hundred 
and seventy-nine, and all collections of rocks, minerals, soils, 
fossils and objects of natural histor}', archeology and ethnology, 
made by the Coast and Interior survey, the (reological survey, or 
by any other parties for the (tovernment of the United States, 
when no longer needed for investigations in progress, shall be 
deposited in the national museum. 

* 'For the expenses of the (Geological survey, and the classifica- 
tion of the public lands and examination of the geological struc- 
ture; mineral resources and products of the national domain, to \w 
expended under the direction of the Secretary of the Interior, one 

hundred thousand dollars. 

* ♦ » ♦*♦*♦ 

••The publications of the (TiH>logical survey' shall consist of the 
annual report of operations^ geological and economic maps illus- 
trating the resources and classification of the lands and reports 
upon geneml and economic geology and paleontology. The an- 
nual report of operations of the (reological survey shall accom- 
pany the annual report of the Secretary- of the Interior, all special 
memoirs and reports of said survey shall be issued in uniform 
(quarto series if deemed necessary by the director, but otherwise 
in ordinary octavos. Three thousand copies of each shall be 
published for scientific exchanges and for sale at the price of 
publication; and all literary and cartographic materials received 
in exchange shall be the property of the United States, and form 
a part of the library of the organization; and the money resulting 
from the sale of such publications shall V)e covered into the 
treasury of the United Stales, under the direction of the Secre- 
tary of the Interior." 

Mr. Clarence King, the first director, immediately took steps 
to extend the operations of the survey over the states as well as 
the territories. This wa« oppos(»d strenuously, and failed in Con- 
gress on one or two occasions. But by changing the phraseology de- 
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fining the purpose of the appropriation in the *-SundrA' CMvii" 
bill, substituting ** United States" for ^'national domain." the 
investigations of the (leological survey were authorized in 1HH8. 
to l>e carried on in the whole area of the United States. In lieu, 
however, of the previous definition of the duties of the survey the 
phraseology reads: '"To continue the prepanition of a geological 
map of the United States." There was no new act. The old 
duties were not abrogated, but something, not befon» authorized, 
is ordered to be "continued." Under this appropriation, thus 
illy and unwittingly introduced into the expenses of the Govern- 
ment, the U. S. (leological survey entered upon a vast undertak- 
ing. Not to be limited to the strictly geological duties that had 
l)e(»n defined in the original law, the survey now organized a corj)s 
of topographic surveyors and engineers and began a rapid semi- 
geodetic survey for topographical mapping of the United States, as 
a basis for the contemplated geological map of its domains. For 
this work a large amount of the annual appn)priati<m by Congress 
for the ••geological map of the L^nited Stat(»s" has been expended. 
From year lu year, for the past t(»n years the appn>priation for a 
"geological map of the United States" has been taken to mean a 
continuance of all the original obligations and functions of the 
survey, and the conduct of a network of triangulation in various 
scattered areas in the country for later topographical mapping. 
This triangulaticm work has been filled in in several places, and 
maps have been constructed for geological purposes. Such maps 
are said to have cost sometimes one dollar, sometimes two dollars, 
and occasionally three or four dollars per stjuare mile of the area 
mapped. 

Congress took no action concerning the establishment of a 
mensuration survey, under the recommendation of the Academy 
of Natural Sciences. Prof. J. K. Hilgard, then superintendent 
of the Coast and Geodetic survey, scH»ms not to have fully and 
fairh* appreciated the situation. He neither took advantage of 
the favorable recommendation of the Academy of Sciences, in 
1878, nor in 1884, when the subject was again being investigated, 
di<l he adequately represent the functions and the* duties, present 
and prospective, of the Coast and Geodetic 8ur>'cy. Partly from 
necessity and partly from inclination, therefore, the topographical 
work of the U. S. Geological survey took on the characters and 
began the mapping which weri» the spi»eial prerogative and 
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expected duty of the older surve}*. It is plain that the appro- 
priations committee expected to make further recommendations 
intended to carry out the plan of the Academy of Sciences, be- 
cause in the clause relating to the collections made by the various 
surveys they designated the Coast and Geodetic survey **the 
Coast and Interior survey, " in keeping with a change proposed 
by the Academy's committee. 

Soon came murmurs of duplication and clashing of official 
functions between the two surveys. This became so loud and so 
patent that Congress created a •* joint commission'' to examine 
into the scientific work of the government more widely. This 
commission was appointed July 7, 1884, and continued its inves- 
tigation until 1886. It again consulted the National Academy of 
Science, and that l)ody recommended the creation of a govern- 
mental '• Department of Science," to coordinate and include the 
Coast and (leodetic survey, the Geological survey, and the me- 
teorological work of the Weather bureau. Such recommenda- 
tion, however, was not received cordiall}', and never went into- 
effect. Since then the Weather bureau has been transferred from 
the War Department and given in charge, as a civilian bureau, to 
the new Department of Agriculture ; the Geological survey has 
continued to ' * make prepamtious for a geological map of the 
United States,'' and the Coast and Geodetic survey, besides its 
transcontinental triangulati<m. has cooperated with various States 
in the construction of to{>ographical maps, and has done its usual 
coastwise work. There was no coordination of the work of the 
two surveys. The duplication is as flagrant as is possible under 
the courteous handling of two intelligent chiefs. 

It is time, however, that such waste of treasure and of energy 
l>e stopped. There are two series of independent triangulation 
being spread over the United States, each designed to prepare for 
topographical mapping. They are not lM>und to articulate with 
each other, nor to agree with each other. If they are both car- 
ried to completion there will be two sets of topographical maps. 
It is true that the area is so large within which they can operate- 
that they do not yet violently impinge on each other. The States 
that elect to C(K)perate with the Coast and (J eodetic survey in the 
construction of their topographical maps, now some fifteen or 
twenty in number, are, for the most part, let alone, in this regard, 
by the U. S. Geolo^rical survey, while those which have attempted 
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to use the topographical sheets of the U. S. Geological survey 
have been compelled, in some instances, to abandon the attempt 
and to construct new sheets from independent triangulation — or 
at least from different data — or they have made geological maps 
without extensive topographic data. 

We do not hesitate io say that it was a serious and far-reaching 
mistake when the U. S. Geological survey, contrary to the recom- 
mendation of the National Academy of Science, and in addi- 
tion to the great work it had on hand in the examination of the 
geological structure and the natural mineral resources of the 
country, entered upon the gecnletic and topographical surveying 
of the national domain. In brief, our reasons for this opinion 
are : 

1. There was ali*eady in existence fully (equipped an effi- 
cient organization engaged in such work. It only needed re- 
enforcement and authorization, to have performe<i this tojx)- 
graphical work for the whole country with correctness and dis- 
patch. 

2. The duties of the ( Geological survey, as defined in the con- 
gressional acts relating to it, are ample for the functions of one 
bureau. 

3. We know of no precedent for it ; but so far as example 
goes its influence would be opposed to it. The topographical 
mapping done by the early territorial surveys was discontinued 
by act of Congress, and no state survey had, at that time, entered 
upon topographical mapping under a law ordering simply a geo- 
logical survey. The British Geological survey does no toi>ograph- 
ical mapping, but receives such maps from the Ordance Depart- 
ment. 

4. The country demands more accurate work in geodetic 
measurements and more exact mapping than the (leological sur- 
vey pn>fe8sedly aims to perform. A good topographical map, 
such as those constructed bv the Coast and Geodetic survev, 
while costing perhaps ten dollars per square mile, is what the coun- 
try needs and must have, and would answer many other iJurj)08es 
than for the mere delineation of the geological structure. It 
would be of service in the Post Office Department, the Land 
Office, the Weather bureau, and especially in the War Depart- 
ment. All economic and industrial, not to say educational affairs 
would 1h» aide:! by such a map. On the contmry the topographical 
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maps now ))ciDg constructwl by the Geological 8urve>', are not 
claimed to he suited for anything else than geological purposes, 
and are not distributed as topographical maps. They would not 
do credit to the country should they be distributed as such; and 
it may not Ik» too much to say that ultimately they will \\e dis- 
carded even for geological purposes, and the geological structure 
will have to Ik? delineated again on more accurate maps. 

5. The diversion of the funds provided for the geological sur- 
rcg of the United States into the ccmstniction of a topographical 
map. It may be said, with a semblance of truth, that a correct 
g(H)logical map cannot 1k» made without a previous topographical 
map. But the wonl cornet here is susceptible of shades of 
meaning. Many '* correct" geological maps have been made 
without any previous topographical mapping. For the purposes 
for which the geological 8ur\'ey was created, very simple maps 
could \k* constnicted, and, as defined in the original law, they 
would ** illustrate the mineral n^sources and the classification of 
lands. ' 

6. However necessary a topographical map may be to a geo- 
logical map of the United States, it was not contemplated in the 
act of Congress which established the (reological survey, nor in 
subsequent appropriations till 1880, when the appropriation was 
made after a lengthy investigation, when the affairs of the Coast 
and (ireodetic survey were in a very unsettled c<mdition ; and when 
the Geological survey, under the impetuous lead of an energetic 
director, had secured from a committee of the National Academy 
of Science a recommendation not to disturb the status quo of the 
survey. 

Hoth these* surveys now are adequately manned, and we are 
c<mfident that the plan of the National Academy of Science 
should be fully carried out by such legislation as would transfer 
the? entire outfit and all the employes of the topographical branch 
of the (ieological survey to the 'KWst and Interior survey." 
and the whole to the Department of the Interior. There should 
1k' such Coordination that in no case would there be a duplication 
of the work. The Geological survev should follow the work of 
the mensuration survey — so far as its mapping is concerned — and 
in the meantime it should concern itself with the investigation of 
snt'h scientific and economic problems as the geology of the coun- 
try presents — and tliev are myriad. 
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Third Annual Report of the Geological Survey of Texa%^ 1891. E. T, 
DuMBLB, State Geologist. Austin, 1892. 8yo, 410 pp. 

Besides the general administration report of Mr. Dumble, this volume 
embraces the following papers: 
Houston County, by W. Kennedy. 
Section from Terrell to Sabine Pass. W. Kennedy. 
Llano estacado or staked plains. W. F. Cummins. 
Notes on the geology of the country west of the plains. W. F. Cum- 
mins. 

Stratigraphy of the Triassic formation in Northwest Texas. N. F* 
Drake. 
Report on the paleontology of the vertebrata. E. D. Cope. 
Shells collected in a dry salt lake near Eddy, New Mexico, by V . Sterki. 
Reports on the Cretaceous ar«*a north of the Colorado river. J. A. Taff. 
Trans-Pecos Texas. W. H. Von Streereewitz. 

Of these, the papers that possess the greatest general interest are 
those of Mr. Taff and Mr. Cummins. Mr. Cummins made the entire cir- 
cuit of the area of the '* staked plains " and at their western bound he 
left them for a short trip into New Mexico, following the old route of 
travel where Mr. Jules Miurcou passed in 1858 in the service of the 
United States in the survey of the line for the Southern Transcontinental 
railroad. The age of the beds of Tucumcari has been a matter of dis- 
pute ever since the report of Mr. Marcou, who made them Jurassic. 
[See a review of the subject in the American Geolooist, Vol. iv, Sept., 
Oct, 1889.] Mr. Marcou's determination has been sustained by Capt. C. 
E. Dutton, Prof. A. Hyatt and Prof. Robt. T. Hill, but opposed by Prof. 
James Hall and Dr. J. S. Newberry. Mr. Cummins collected a great 
number of fossils from the vicinity, but they have not yet been thor- 
oughly studied. He, however, gives a list which have been identified 
with Cretaceous species. 

The following is a list of fossils collected by him from the beds in 
dispute "in the vicinity of Tucumcari and Pyramid mountains f ' 
Qryphaa diUUatfi, var. tucumcari Marcou. 
Ostrea marehii as determined by Marcou. 
GrypJuea piteheri Morton. 
Exogyra texana Roemer. 
Ostretf quadriplicata Shumard. 
Trignnia emoryi Con. 
Cnrdium hiUanum Sow. 
OytJierea leonensis Con. 
TnrriteUa ieriatim-granulata Roem. 
Pinna sp. 
Ammonites. 
Pecten, 
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Wifh the exception of the first two these have been referred repeat- 
edly to the Cretaceous (Washita and Fredericksburg divisions) in Texas. 

The discovery in the- same strata of a fossil angiospermous plant, 
which Mr. Cummins figures and describes under the name Sterculia 
dfdk&t is considered sufficient evidence of the Cretaceous age of the 
strata from which it came. 

The sections here compared and thought to belong to the Cretaceoua 
are as follows: 

Pyramifi Mountain Tucumcari mountain 

by Mr. Maroou. by Mr. Cummins. 

1 White limestone 2feet 1 White clayey limestone aofeeft 

2 Yellow limestone 50 ** 2 Massive sandstone 00 ** 

8 Bine clay 80 " 8 Shale (blue clay? N. H. W.) 50 " 

4- White sandstone 35 " 4 Massive Tollowish sandstone. . .285 ** 

5 Yellow sandstone 80 •» 5 Red sandntone 80 " 

« White sandstone 8 " 6 Blue clay 4 " 

7 Gwish blue clay I »• 7 Purple clay 6 " 

8 Varlegiited marls 500 " K Arenaceous clav 1 " 

H Blue clay 4 

Totol 696 feet 10 Purple clay 1« 

11 Light red clay 80 

1-! Dark red clay 146 



u 

14 

it 
•( 



Total 001fee« 

These sections are about ten miles apart, according to Mr. Cummins^ 
but they are found in a region that embraces several other similar hill^ 
all of which are referred by both Cummins and Marcou to the sam49 
geologic horizon. If we understand, contrary to the statement of Mr. 
Cummins,'*' but apparently in harmony with his general argument, that 
the "blue clay" horizon (No. 8 above, of Marcou) is the stratigraphic 
equivalent of his "shale" horizon (No. 3, of his Tucumcari sectionX and 
not of his No. 6, and ignore the enormous thickening of Mr. Cummins' 
No. 4 (his supposed Trinity sands), these sections present a reasonable 
degree of stratigraphic resemblance. We infer also, as argued by Mr. 
Cummins, that in Mr. Marcou's section the word "limestone" in No. 2 is 
a misprint for sandstone. The thickening of the sandstones of Cum- 
mins' No. 4, which may be considered the equivalent of Marcou's Nos. 
4, 5 and 6, is not an unwonted circumstance in the composition of 
coarsely fragmental formations. 

The settlement of the disagreement will have to depend on the fossils. 
In the light of the fossils named by Mr. Cummins, the beds seem to be- 
long to the lower Texas Cretaceous, but the question is not settled 
whether the lower Texas Cretaceous, particularly the Trinity sands, is 
Cretaceous or Jurassic. Mr. Hill, who revolutionized the Cretaceous in 
Texas by adding to it the Comanche series including this member, has 
given a list of its molluscan fossils in his Arkansas report,t remarking 
that they bear "remarkable resemblance to forms from the upper Pur- 
beck and basal Neocomian or Wealden beds of Europe." Mr. Marcou 
has reviewed this list of fossils^ and made such changes in the identifi- 
cations that they are all made to appear Jurassic. In short, Mr. Marcou 

*"Th<* only blue clay bed in the vicinity is that in which the fo8i*il zone of the (?ry- 
jihifd dilatdta var. tucumcari occurn.*' p. 202. 

^;^/t'oo:oir (rtofof/y of goiithweHtcrn Arkansas. Chapter xiii. Annual rejiort of the 
<ieological Surveyof ArkanettH for 1888, Vol. ri, 1^89. 

*A.MEiu(AN Gkolo(jist, Vol. IV, Dec, 1889, pp. 357-3')7. 
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affirms that the Trinity division of the Comanche of Hiil, is the equiv- 
alent of the upper, and perhaps of nearly all of the European Jurassic. 
These Trinity sands being, below the Tucumcari beds (t. e. below the 
blue clay containing the Oryphaui diUttata^ var. tucumcari Marcou), must 
belong to the Jura provided the Tucumcari beds belong there; and^ 
per contra, the Tucumcari beds must fall into the Cretaceous if the 
Trinity sands belong there. Now Mr. Cummins refers his fossils to the 
"Tucumcari beds" as he has defined them, t. e. to some sandstones that 
are actually above the horizon of GHryphofa dilatata^ var. tueuincoriy and 
he paralletizes them with higher portions of the Comanche, viz., with 
the Washita and Fredericksburg divisions. It seems quite likely that 
Mr. Cummins is correct in assigning those upper strata to the Cretaceous 
but the chief point of contention of Mr. Marcou, touching the under* 
lying strata, viz., Mr. Marcou's E, D, C, and B, or Mr. Cummins* Nos. 4 
and 5, seems not exactly disproved, and these may still remain in the 
Jurassic, at least until Mr. Cummins defines more closely in what por- 
tions of his Tucumcari beds he found his fossils. 

Mr. Cummins' report is a very valuable one, and bears strongly primn 
facie against the Jurassic in Pyramid mountain. 

Mr. TafTs report on the Cretaceous area north of the Colorado river 
agrees with that of Mr. Cummins in placing the Trinity sands in the 
Cretaceous, and he gives a diagram (p. 292) illustrating the unconform- 
able position of Bosque Cretaceous upon the paleozoic, with the ^Trinity 
phase" at the bottom. The Trinity sands proper he shows are not an in- 
dividual entity in the stratification, but are closely knit with the Glen Rose 
and Paluxy, these making a three-fold formation which he distinguishes 
as the Bosque division. Overlying the Bosque division are the Fred- 
ericksburg and the Washita divisions. It is a noteworthy distinction that 
Mr. Taff only finds the Gryphtea pitcher itLud the Exogyra texan^i, character- 
istic fossils of the Cretaceous, in the upper divisions (p. 281). "The lowest 
limit of these fossils marks the upper limit of the Bosqae division." 
. In the Bosque division is a different fauna, but few members of 
which extend into the higher divisions. In addition to the Chryphmi 
diltttaia, var. tucumcari Marcou, which Mr. Cummins admits cannot be 
the same as the O, pitcheri of the Cretaceous, and ^ hich is a fossil char- 
acteristic of the European Jurassic, and the (htrea /mtrshi which Mr.' 
Cummins has not had opportunity to compare with European fossils of 
that name, both of which may be referred to the Bosque division. Mr. 
Taff enumerates the following fossils from this division. 

1. In the Trinity sands; Trigonia, Ammonites, "Ostrea beds," (p. 295); 
Ostrea franklini (pp. 297 and 810); Ostrea camelinis (Ms. of Cragin), 
pp. 303 and 307; Trunks of trees much silicified, also changed to lig- 
nite, constituting veritable driftwood, (p. 310). 

2. In the Olen Rone member; Monopleura, (vouiolina, Caprotina (He- 
quienia) penguluscula, Exogyra, Ostrea, Area. Ostrea subquadrata (pp. 
297-299); "Area and small Ammonites, allied to A. pedernales Roemer, 
and Nerinea occur abundantly in the marly line," t. e, in Glen Rose 
(p. 304); Ostrea camelinis Cragin (p. 307); O. franklini (p. 310); Cardiuni 
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mediale, Natica, Cyrena, Goniolina(p. 318); Anomia (p. 315); Turritella^ 
Gardiutn mediale and C. hillanum, Pleurocera, Serpula, Trigonia crenu' 
lata (pp. 316, 317); Cardium mediale (p. ^37). 
3. In the Paluxy member; no fossils are named from the Paluxy. 
These Trinity fossils can none of them be pronounced Cretaceous by 
reference to any undoubted standard of comparison. The genus Tri- 
gonia ranges from the Lias to the Chalk, Ammonites from the Oolite to 
the present. Ostrea franklini was placed in the Cretaceous by Coquand 
without any authority whatever, except a surmise by Mr. Marcou that it 
was obtnined '^somewhere near the locality of Gryphica pitcheri." It 
was published in the Arkansas geological report of Owen by Mr. £. Tir 
Cox, without any description, only the illustrated plates having been 
found after Owen's death.'*' Ostrea camelinis, of the manuscripts of 
Prof. Cragin, being a new species has no authority as a guide to the age 
of the strata containing it. 

In the Glen Rose member, which by Prof. Hill was not associated with 
the Trinity but was retained in the Fredericksburg division, the reported 
species are more affiliated with the Cretaceous, but there is not yet 
sufficient volume of a distinctively Cretaceous fauna to carry its assign- 
ment to that age beyond the limit of doubt. A large fauna is given the 
Fredericksburg division by Prof. Hill, but it is uncertain what part of 
it belongs in the Glen Rose division, detached from the Fredericksburg 
by Mr. Taff and placed in the Bosque division, but it appears to be but a 
meager portion of it — probably that which Mr. Hill has embraced in his 
''basal beds" of the Fredericksburg division. However, Mr. Taff mentions:'' 
Manopleura^ may be either in the " basal beds ^' or the Caprina lime- 
stone of Hill. 
Goniolina, in magnesian limestone, with bivalves and gasteropods. 
Caprotimi (Requienia) penguiaseula, apparently a fossil of the *' lower 
beds '^ and of the Caprina limestone. The genus is found in the upper 
Greensand of France. 
Exogyruj in the basal, alternating l>eds. The genus also is found much 

higher, as well as in the Jurassic. 
Ostrea, ranges from the Jurassic upward. 

Atm, ranges from the Trinity sands to the Washita division. 
" Ostrea subquadrataJ*^ Thin bedded limestone. Not mentioned by HilL* 
Ammonites. Ranges from the Lias to the Chalk. Hill gives A. peder- 

nalis Von Buch, in the Comanche Peak chalk. 
Nerinea, is a Jurassic genus. 

Ottrea camelinis ms. of Cragin. From the Trinity to the Glen Rose. 
Ostrea franklini Coq. is abundant in the Trinity. 

Cardium medidU. Is given by Hill only for the Comanche Peak lime- 
stone, which is next above the ** lower beds," but Mr. Taff found it im- 
mediately above the Trinity sands, and therefore at the base of the al- 
ternating or ** basal beds." 
Hfjatiea. Ranges from the Devonian to the present time. 
Q^frma. A fossil of the Wealden, ranging upward. 

^fklt It OB tt« ftatement of Mr. Marcou, Ambbican Geologist, vol. iv, p. 960, 188S. 



Reviexo of Recent Geological Lit^atxire, 815 

Anomin, is a common fossil of the upper beds of the Jurassic. Mr. Hill 

gives only one species (Ind.) in this uncertain horizon, and that is in 

the Trinity sands. 
TurritdUi, Is a good Cretaceous genus, and if correctly identified goes 

far to prove the Cretaceous age of these beds. Mr. Hill has it running 

from the 'Mower beds'^ of the Fredericksburg division to the Navarro 

beds in the upper Cretaceous. 
Cardium hUlanum. Also ranges from the Jura to the Chalk. 
PUurocwa, Found also in the Trinity (Hill). May be a Cerithium or a 

Nerinea, both Jurassic genera (Marcou). 
Serpulti. Basal beds. Not mdbtioned by Hill. 
Trigonia ercnnhita. According to Hill ranges from the " basal beds " to 

the Comanche Peak chalk. 

The Glen Kose member is wedge-shaped and runs out toward the west 
allowing the Paluxy to lie directly on the Trinity, when the Paluxy is 
preserved. In other cases both the Glen Rose and the Paluxy are want- 
ing, and the ** Texana bed,*' of the Fredericksburg division, then comes 
immediately into superposition on the Trinity of the Bosque division. 

Notwithstanding this break in the order of stratification, which, how- 
ever, Mr. Taif does not seem to consider an unconformity of the Freder- 
icksburg on the Bosque, but rather an incident of continuous sedimenta- 
tion, and notwithstanding the partial alliance of the fauna with the Jar- 
assic, and the non-characteristic features of the other fossils he has 
named, Mr. Taff assigns the Bosque to the Cretaceous on the following 
grounds: 

**That the Trinity sand is Cretaceous and represents the littoral depos- 
its of a part of the lower Cretaceous series, has evidence in the facts that 
its beds abut against the pre-Cretaceous continental contour ; that its 
beds conform to and blend with the undoubted Cretaceous Glen Rose 
limestones ; that Its component materials are local, and have their origin 
in the paleozoic as a strictly near-shore rock ; and further, that it con- 
tains fossil fauna and fiora that range through superimposed beds of 
sand and limestone.** 

There is, however, room to question whether the Glen Rose is **un- 
doubted Cretaceous,** and whether all the other ''facts** mentioned 
would not hold true of the Jura, in case the Jura were supposed to ex- 
tend to the summit of the Bosque division, or at least to the summit of 
the "lower beds" of Hill. 

We know nothing of this subject from studies in the field. We take 
the facts and all the evidences as they are given by others. We have 
endeavored to call attention to the principal point of difference between 
Mr. Marcou and Messrs. Cummins and Taff, and we are constrained to 
conclude that the question is still an open one. Mr. Cummins' fossils 
seem to be from strata that lie above the actual Tucumcari stratum, 
although still embraced in beds which Mr. Marcou placed in the Juras- 
sic — indeed Mr. Cummins admits that he "did not find the Cretaceous 
fossils below the Gryphrea [tucumcari] beds." Therefore they were, 
from strata above, and as some of them are identical with those which 
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Mr. Taff finds !□ the Prederlcksburg diviBion, uBocisted witb Or^pkaa 
jiilrlien', they have no beariog ou the strata which Mr. Harcou clatmi 
have unimpeachable evidence of Juraeslc af;e. He did In his original 
paper represent the whole of Pyramid mouniata as .FurasBic, above IiIb 
stratum K, but he has not claimed, ho far aa we have learned, that aaj 
strata containing the Fredericksburg or Washita faaoa are of Jarassic 
age. [d Pyramid mountain theae upper strata aitorded him no foeslli, 
and liiB aeslgnment of them to the Jurassic was baaed apparently largely 
on topographic considemtlonB. Hr. CummlnB' argument can only apply 
to these upper strata, and he seems to have proved, by the aid of Hr. 
Taff, who has defined the posiUon of his foasilB more exactly, that they 
are not In the Jurasalc. 

By this report, of which other cbaptera, though perhaps equally mer- 
itorlouB, no special mention can be made here, it la seen that the Texas 
survey is making substantial and even rapid progress In the field-work, 
and Is elucidating the geology of a large and interesting and dIfBcult 
section of the udIud. The ensemble of the volume is very creditable; 
the illustrations and maps are excellent. We only notice occasionally 
In Hr. Cummins' report, an ungrammatical use of the word " strata," 
wliich cannot be wholly the fault of the proof-reader. 

Some Neir Specie* and Sew Struelvral Parti of FowiU. By S. A 
UlLLBK and CiiAiii.BB Fabeb. (Jour. Cin. Soc. Nat. Hist, Vol. iv, No 
3, July, 1893.) In this paper the authore describe aa new eight paleozoic 
epec'ies of foBaila under namea and from rocks aa follows : tfodieleptu 
eorrugata, M. Umgn, M. luUata, Ort&ode»ma mundum, Prototeclex magnui, 
and Cyclocyatoldes cincinnatlenais, from the Hudson River group of 
Ohio, Iloloeyatitu "JJinit from the Niagara group of Indiana, and AtieU' 
bipeet'n germtinut from the Coal Measures of Eeatucky. Besides, the 
under aide of a specimen believed to belong to AgtUaermia pihui la de- 
scribed and new details of structure are brought out. The paper la ac- 
companied by a plate containing eighteen figures. 

A critical examination into the merits of the new forms seeme to show 
a too great confideuce of the authors in the obviousness of the peculiar- 
ities of their species. We miss, namely, sufficient comparisons with le- 
late<l species, a criticism that may justly be made on most of Hr. 
Miller's really valuable previous productions. As a rule we regard It as 
not only good practice but almost a necessity for the author of a new 
species to supplement bis description with full comparisons with related 
species, since these are a great aid In the alvraye difficult task of Identi- 
fication. For instance, it would have been most desirable to learn from 
the authors just in what respects their Modioloptw eorragata differs from 
the similarly marked M. plu>ladiformii Hall, and M. eapax Miller. As it 
is, we must confess that we are strongly inclined to doubt that these 
three names stand for ■■ many good species. 

JT. Lmii,' Kfixfea in a general way with M. "Meivja and M. wbparatiOa 
of Ulriih, but seems to be even inorr- elon^-atc and with the point of 
greUest convexltv uuAr the posli^rlor end. On the otiiAr hand, there 



^ Review of Recent Geol<)gical Literat%ire, .317 

are points in tlie description and Hgure tliat cause us to think it possible 
that their specimen is not a true Modiolopsia, but rather an Orthadesmd, 
' M, Htleata seems to be a sharply distinguished species, but the OHho- 
denma mundum, as illustrated, has a general expression decidedly Itke 
Modiolopsis anadantoide%^ M, eincinruUiensu and other species of that 
type. The illustrations of these shells have evidently been drawn by 
one unaccustomed to do natural history work. The specific characters 
are rather indefinitely brought out, and reasonable restorations of out- 
line, perfectly justifiable, might have been attempted with profit. 
• We fail to see any grounds whatever for separating Protoscolex may- 
nu8 from Ulrich*s P. amatus, since the claim that their species is larger 
than his rests upon a misapprehension. In all other respects they are 
identical, and Ulrich's measurements indicate a size scarcely if at all 
inferior to those given for P. mngnus. 

As to the merits of Cyclocystoidei cincinnattensis and Holoeystitei a/- 
finisj little can be said, since they belong to genera of which very dijffer- 
ent opinions prevail respecting their specific variability. According to 
our experience, species of these genera are numerous enough, but indi- 
viduals of the species seem to be rare. 

Geological Survey of MU«ouri, Arthur Winslow, state geologist, The 
ffigginsville sheet, in Lafayette county. 17 pp. folio, map and page of 
geological sections. Published by the Geological Survey, Jefferson City, 
April, 1892. 

This report and map, and the plat of sections, are based on good wotk, and 
they are finely executed, /(TT tJieir kind. But their kind is very bad. It has 
been, and is still, to some extent, the practice of state geological surveys 
to publish large maps, or large sheets of larger maps, which are enclosed 
in a roll, or in a case which is entirely separated from the descriptive re- 
port. The two get far separated, and generally the maps become lost, 
or at least greatly damaged by the difficulties of handling. Thus the 
value of the reports theihselves is lessened or lost. We instance the late 
publications of New Hampshire, Ohio and Wisconsin. Prof, Winslow 
has endeavored to obviate this inevitable separation and damage by 
printing the report on the same sized page as the large map and issuing 
them together as one document. But in our opinion he has only in- 
creased the objections to the large folio (or sheet) size of publication 
They will of course not become separated, thus bound in one cover, 
but the common user of such reports will have the trouble of handling 
such a sheet many times increased. Common library shelves will not 
ac(^omtnodate such a document, and yet it should be in as ready reach as 
a book on a library shelf. We like the plan of the Minnesota and Penn- 
sylvania surveys (2d survey) which is the converse of this, viz: The 
maps are planned to be the size of the book-page (large quarto) includ- 
ing only a county on each. These are bound into the book and are In- 
separable from it, and are always handy to consult whenever the report 
is read, and being of ordinary size the maps and the text can always be 
kept in convenient place with other books; and the maps themselves 
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when they are all made, can be bound together separately in form of an 
atlas with briefer accompanying descriptions, if desired. In other 
words we should make the fiounty the unit of mapping, just as it is the 
civil and geographic unit, and If the scales differ it is of no moment, 
since generally, especially in all western states, the townships are cut 
by section lines which on the face of the map constitutes a scale of miles 
for every map. Thus the map is always handy and will last as long as 
the book itself. 

Stratigraphy and Succession of iJie Rocks of the Sierra Necada of Cali- 
fomia. By James £. Mills. Bulletin of the Geological Society of 
America, Vol. iii, pp. 418-444, with map; Aug. 8, 1892. This description 
of the northern portion of the Sierra Nevada l>etween the North and 
Middle forks of Feather river is a summary of the author's observations 
during many years as a mining engineer. The accompanying map 
shows the rock formations on the greater part of an area of six town- 
ships from east to west and four from north to south, lying in Plumas 
county, immediately southwest of the Taylorville district and Mt. Jura, 
which have been described in the same volume by Diller and Hyatt, as 
noticed in the September Geologist (p. 183). In this northern part of 
its extent the Sierra is double, consisting of eastern and wes'em divis* 
ions, the latter being in the course of continuation of the axis of the 
Cascade range, to which it is nearly related by its geologic features. 
Barometric measurements in the district mapped give the hight of 
Grizzly ridge, in the eastern division, as 7,052 feet above the sea; of 
Spanish peak, the culminating point of the western division, 6.990 feet; 
and of an intermediate mountain called Claremont, 0,962 feet. Con- 
tiguous valleys are between 3,000 and 4,000 feet. The northern end of 
the Sierra Nevada rises thus only about half as high as Mt Wliitney and 
other peaks near its southern end. 

The present altitude of this mountain range is a8cril>ed principally to 
Tertiary and Quaternary uplifts by faulting; but the axes of greatest 
uplifting coincidei approximately with those of previous ranges within 
the same area. '^Repeated orographic movements have taken place 
along the same axes, and recurring uplifts along these axes have fol- 
lowed recurring erosion. In this way a pre-Mesozoic range arose, carry- 
ing up both crystalline and metamorphosed sedimentary rocks, and par- 
tially disappeared through erosion and subsidence; then a Mesozoic 
range arose and its strata became uptilted, and it in turn was reduced 
by erosion and subsidence to very small proportions (in its northern 
half, at least, nearly or quite to base-level of erosion); and then in Ter- 
tiary and Quaternary time has arisen the present range, which is now 
undergoing its erosion, but whether it is now rising or subsiding is not 
determined." 

Granites form the greater part of the pre-Mesozoic rocks of the Sierra 
Nevada, making up the core of the range and of each of its two north- 
ern divisions; and they are overlain by metamorphic slates and quartz- 
ltei| whldi nnj repweent wveiml PUemolc periods. 
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The metamorphic Mesozoic rocks belong to the J arassic and Creta- 
ceous periods and comprise an apparently conformable series of sedi- 
ments and lavas several miles thick. The sedimentary rocks are princi- 
IMdly slates, often altered to quartzites, with some limestones. In the 
lower part of this series the principal eruptives are diabase and green- 
stone, products of alteration of moderately basic lavas; and in the up- 
per part, where the lavas were very basic, they are more or less com- 
pletely altered to serpentines. 

The prevailing strikes are parallel to the general trend of the range 
and of the coast; and the dips are mainly between 00° and vertical. 
Mr. Mills has not observed curving folds,and therefore concludes that the 
strata at the time of their tilting experienced much shearing on approxi- 
mately horizontal planes of overthrust, and that the subsequent upheavals 
have been chiefly by the faulting of mountain blocks. Neither has he 
found any unconformity of dip and strike between the pre-Mesozoic 
and Mesozoic groups of metamorphic strata; but they were doubtless 
separated by a long period of erosion and subsidence. Upper Cretaceous 
(Chico) and Tertiary beds at the western foot of the range dip westward 
at low angles, indicating that the greater part of the tilting and meta- 
morphism took place during some stage of the Cretaceous period, which 
Becker, from his study of the few fossilifefous horizons, believes to have 
been at the close of the Gault epoch. The tilting was attended with 
much Assuring and the formation of veins of gold-bearing quartz and 
P3^lte. 

The Geology of Vte Crazy Mountatns, Montana. By J. E. Wolff. Bul- 
letin, G. 8. A., Vol. Ill, pp. 445-452; August 8, 1892. The Crazy moun« 
tains, an isolated range 40 miles long from south to north with a width 
of 15 to 20 miles, lie about 80 miles east of the easterly border of the 
main range of the Rocky mountains, and attain an elevation of 11,000 
feet above the sea, the difference in level between their summit and base 
averaging perhaps 4,000 feet. They lie close north of the Yellowstone 
river, and are conspicuously seen from the Northern Pacific railroad 
for many miles eastward from Livingston. In structure they are com- 
paratively simple but unique, being probably, as noted by Upham, the 
best known example of the type of mountain ranges which have not 
been made by any definite process of mountain-building but are simply 
remnants of extensive uplifted areas that have been deeply eroded. 

Nearly horizontal Cretaceous rocks form the principal mass of the 
range and reach far eastward in the great plains and westward to the 
frontal line of the Rocky mountains, where sharp uplifts expose the 
older rocks. The strata of the Crazy mountains consist of sandstones 
and occasional conglomerates, interstratified with shales, and appear to 
be wholly referable to the latest Cretaceous or Laramie epoch. Erup- 
^ve dikes in wonderful profusion and variety cut these strata; aud> in- 
trusive lava sheets and laccolites, up to a thickness of 865 feet, are in- 
4erbedded with them, but no evidence of surface tlows has been found. 
The more enduring igneous rocks preserved this range, while denufla- 
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tion to the vertici^l depth of nearly a mile reduced all the surrounding 
^country to a base^level. 

The head stream of Shields river, a tributary of the Yellowstone, lu^ 
cut a deep valley in the western side of the range, dividing it into 
southern and northern halves. The southenn part, which is the higher, 
has numerous sharp, jagged peaks, from which the streams flow radially 
outward to the west, south, and east. In advancing up any of the val- 
leys, it is found at first comparatively broad and bounded by high bluffs 
of nearly horizontal sandstones; on approaching the central peaks, the 
valley becomes narrow, and the stream descends from a higher level 400 

• 

or 500 feet by cascades and falls; and beyond this the valley again 
widens somewhat with a more gentle slope to its head. The '^all-line" 
is found on all the radial streams, and is due to the local hardening of 
the sedimentary Laramie rocks by a central stock of coarsely crystalline 
diorite, which is irregularly oval in outline and about six miles wide at 
its greatest diameter. From their contact with this stock the Laramie 
strata, dipping gently outward, are hardened and metamorphosed to. a 
dis^nce of about a mile. The central portion of the diorite is cut l^ 
masses of a light-colored, finer-grained granitite. 

, "It is surprising,*' writes Dr. Wolff, '*to see the similarity between this 
Tertiary diorite and granite and the Paleozoic masses of similar rock 
found exposed on the old eroded surfaces of the Atlantic states, as, for 
instance, on the northern shore of Boston. In both cases the same 
black patches are seen in the granite, referable here to enclosed dioritlc 
fragments, and the same alternations of basic and acid rock in streaks 
or ^Schlieren' with parallel fiow structure. ♦ * * * The diorite 
^tock as well as the adjacent Cretaceous rocks are cut by later vertical 
dikes of diorite-porphyrite and allied rocks; these dikes swarm in the 
contact zone, accompanied by horizontal and oblique sheets of similar 
rocl(. 3Ir. J. P. Iddlngs, who visited this place in 1891, finds that the 
vertical dikes, both in the stock and in all this part of the range, have a 
general radial arrangement, with the diorite mass as an approximate 
center, repeating a fact observed by him in a smaller diorite atock in 
the Yellowstone mountains. These long radial dikes extend outward 
even into the benches at the southern base of the range.*' 

In the northern half of the range and its outlying buttes, the most 
prominent of the eruptive rocks, first collected by Dr. Wolff in 1888, is 
**found to be composed of f eldsp v (in part triclinic), augite and nephe- 
line, with biotite, sodalite, magnetite, olivine, tegirine, etc., accessory; 
as an abyssal intrusive rock with the mineral combination nepheline, 
soda- lime feldspar, it filled a gap in the classification of Profossdr jEtosen- 
busch, and was called by him theralite*, as the first undoubted represen- 
tative of this family.** 

In conclusion, the author speaks of theses mountains as an easily ac- 
cessible and magnificent field for further geolpgic and petrogral^hic in* 
vestigation. ^From Livingfton or adjoining stations on the Northern 
Pacific railroad it. Is mn ei^ day's drly^ to the foot of the range; the 
canyons of the larger itnuiui M tiM Mil jdde «r» easily aoceaaible by 
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liorseback and at the entrance even by waji^on, and it is possible to ride 
to the falls in the contact zone. The outlying theralite buttes can all be 
Tisited by wagon." 

^*Geologie de Vancienne Colotnbie, Bolifiarienne, Venezuela, NauteUe 
Grenada et Eniadar^^ par Herman Karstbn, Berlin, R. Friedlander & 
Hop. '. ; ■ 

We distinguish In the region studied (Columbia, Venezuela and 
Ecuador) five definite geological periods of which the .Jupassic is the 
oldest and has only recently been recogni^.ed in a locality in Columbia. 
The next period, however, the Lower Cretaceous outcrops in the moun* 
tains of the whole region and is characterized by a great variety of 
•cepholapods. The presence in the lower strata which are specially 
marly, of Belemnites, Ptychoceras humboldtianus Krst, Ammonites 
ncBggerathii Krst., Am. rothii Krst., Am. sawtapcinuH • d'Orb., Am. bous- 
singaultii d*Orb., Hamites arboledre Krst., might perhaps justify two 
subdivisions of this period. 

The third series, the Upper Cretaceous, characterized by large deposits 
of limestones, sandstones and siliceous beds, may be recognized paleon* 
tologically by a great quantity of Kudistes which appear toward the 
•east, and the Polythalamias, abundant in the centre and in the w^est. 

The fourth period, the Tertiary, is characterized by the abundance of 
vertebrate remains and the presence of pebbles and thick conglomerates 
formed at the expense of the siliceux beds of the older periods. Also 
by the great extension of micaceous marls, trachytic cinders and UipiUi, 

The fifth period, the Quaternary, is represented by washings, gravels, 
beds of pebbles, and breccias with shells on the sea coast ; the shells be- 
long to species living at the present time. 

Several cases of unconformity in the respective disposition of these 
^\e series, show that they also correspond to distinct epochs of eleva- 
tion, and the geographical distribution of the Quaternary proves, in the 
most convincing way, even in the absence of a clear unconformity with 
the Tertiary, that these two periods were elevated at differentr times. 
The unconformities observed in the neighborhood of San Pablo in the 
lower Magdalena river probably mark this historical break. 

The Quaternary has slight extension, some portions of the coast, 
-somewhat elevated^ belong to it. The Tertiary period is more developed; 
■almost the whole of the immense plains of the Orinoco and doubtless 
large part of those of the Amazonas, belong to it ; the highest summits 
-of the actual continent, date from this time also. 

The Cretaceous, in which investigations show several distiuct epoch^, 
formed elongated islands in the Tertiary sea, in lines toward the north- 
east. The eastern island was the present massive of Cumaria; another 
ialandof the eastern series represented the massive of M^rida, and the 
western Island, surrounded to the south by an archipelago of small fol* 
oanic Islands, was traversed by mountain chains, rich in veins, bearing 
gold and platinum. 

It It ^olte remarkable that the steeper slopes of the Cretaceous re- 
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gioQ, which rans or extends itself in a circular arch toward the northeast, 
are turned to the massive of Guayana, whose rounded domes of granitic 
rocks rise from the Tertiary plains, aH islands out of the ocean, as far as 
is known. On the contrary, the Tertiary strata, wherever they have 
been elevated in massives, either cover the slopes of the mountain 
chains or form valleys (^^tnilUe de fracture'^) as the valleys of the Magd&r 
lena and Canea rivers, and the section of the strata looks to the valley. 

The massive of Guayana appears to be the centre of the different 
mountains or Cordilleras belonging to Columbia, and upon which de^ 
pends the direction of all of them. They rise to the west, in Columbia^ 
and to the north in Venezuela, as the borders of a large circular crevasse, 
formed in the crust of the earth in the circumference of this primitive 
centre of elevation; crevasse which then was not recognizable by im- 
portant massives in its total extension, but which marked the direction 
of the contemporaneous and future eruptions. 

The elevating force which caused the formation of the crevasse 
around the granitic centre, appears to have worked from east to west, in 
the primitive times, and plutonic epoch; that is it began to the northeast,, 
reached its highest development in the north, and diminished more and 
more to the south. On the contrary, the last elevation of importance^ 
which took place during the Tertiary volcanic epoch, followed an oppo- 
site direction . 

In the north the plutonic chains bordering the ocean reached their 
actual hight almost at the first elevation; at the end of the Cretaceous 
and Tertiary, they were only re-elevated; while in the south, they stood 
in part under the water, and only reached their actual form and hight at 
the end of the Tertiary, by the eruption of trachytic masses and lavas, 
which were very violent there, but became milder and milder toward the 
north. 

Report on tlie geology of northeastern AUihanuiy and adjacent portions of 
Otargia and Tennessee, C. Willard Hayes. Bulletin No. 4, of the 
Geological Survey of Alabama. 8vo. pp. 86, Montgomery. 1892 One 
plate of topographic outlines, and one geological map. 

This is a plain statement of the geological structure as made out in the< 
Held, over a critical area in the Appalachians, and covers all the Pale- 
ozoic from the Archwan to and including the lower Carboniferous, and 
some portion of the Coal Measures. The field work was done by Mr. 
Hayes as an assistant on the U. S. Geological survey, and was reported 
to the state survey in pursuance of a compact between the two surveys 
in a cooperative plan for the examination of a section embracing the 
lower end of Lookout mountain, near Gadsden. The report, however,, 
and the accompanying report, embrace considerably more area, that 
mapped being a])Out 87 miles east and west, and 72 miles north and 
south. 

Mr. Hayes describes the remarkable fact, illustrated by the Rome 
thrust fault, that the lower rocks may be, and have been, faulted and 
raised aud thrust bodily over strata of much later date in that portion of 
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the Appalacliians. In this case the Cambrian strata ace found to lie 
upon the middle Carboniferous, and the distance through which the 
older strata have been moved westward, over the younger, by this thrust, 
is between four and five .miles, and there is reason to believe that the 
Cambrian rocks once extended several miles further westward than they 
are at present found. The entire structure, stratigraphy, drainage, topo- 
graphy, are neatly and concisely described in this brief report. The 
map is based on the U. S. survey topographical sheets, and is a con- 
densed expression of six of them. 

Advance $heei$from the eighteenth report of the Geological survey of In- 
diana, Paleontology, By 8. A. Miller. September, 1892. Indianapolis. 
Octavo, pp. 79, and 12 plates of fossils. 

This pamphlet contains descriptions of seventy-six new fossil forms — 
Receptaculites, Cystites, crinoids, brachiopods, and cephalopods. They 
are from all points of the central area of the United States, mainly In- 
diana and Missouri, ranging from the Lower Silurian to the Carbon- 
iferous. 

Tlu Mapping of Missouri. Arthcr Winsix^w. (Trans. Acad. Soi. St. 
Louis, Sept., 1892. pp. 57-99.) The author sketches the history of the 
successive attempts to make a map of Missouri, and illustrates, on re- 
duced scales, some of the early maps, beginning with that of Ptolomaeus, 
edited in Rome in 1508, and extending through the sixteenth and seven- 
teenth centuries when little or no progress was made, to the eighteenth 
and nineteenth in which marked advance has been made in accuracy of 
mapping the region of the Mississippi valley in which Miasouri shares 
a part. 

The United States Coast and Geodetic survey began triangulation 
operations in Missouri in 1871, and has carried a network of triangles 
entirely across the state. The Mississippi river commission has accur- 
ately mapped the entire extent of the Mississippi in the limits of Mis- 
souri, and the Missouri river commission has delineated the Missouri 
valley in a similar manner, these organizations having done very accur- 
ate work, both in mensuration and topographical delineation. 

The U. S. Geol. survey began, in 1884, to spread its inferior topograph- 
ical work over the state of Missouri, and constructed 25 sheets, on a 
scale of about two miles to the inch. This work ceased in 1889. 

The Missouri state survey is engaged in making topographical maps. 
Mr. Winslow enlarges the scale of the U. S. survey maps — reduces the 
vertical contour interval to 20 feet, adds township and county lines, rep- 
resents railroads, etc., and produces sheets (now ten in all) of the size of 
IQ% inches by 20^ inches — a quadrilateral of fifteen seconds in extent 
in latitude and longitude, or from 228 to 240 square miles. 

It is noteworthy that for the purposes of the state geological survey 
in this instance, the topographical sheets of the U. S. Geological surrey 
are rejected as unsuited and inaccurate, and the state survey proceeds 
to re-map the same areas from data supplied by the Ignited States Coast 
and Geodetic survey, or by the river commissions. 
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• 

The rounding of sandstone grains of the Trias, as bearing on the divisions 
of the Bunter. T. Mbliard Reads, F. G. S., (Proc. Liverpool Geol.Soc;, 
1801-2). The author arrives at the conclusion, after comparisons of 
Bunter sandstones from various localities, that the roundness of the 
quartz grains, greater or less at certain localities, and the occurrence of 
pebbly strata, neither one, is any reliable indication of the horizon in^ 
which they occur. "The Bunter sandstones are a great group in which, 
form whatever cause, there has been a large impregnation of ferric 
oxide and other impurities which have in a majority of cases interfered 
with the deposition of secondary silica. The grains have also been laid 
down in turbulent conditions of current, evincing long travel of an os- 
cillatory or tidal character.^' The author does not attempt to assign a 
cause either for the "turbulent conditions,'* or the presence of large 
amounts of ferric oxide. Could not marine volcanoes have produced 
both, cotemporaneoasly with the accumulation of the sands? Again, in 
case of copious deposition of secondary silica, as in the silica embracing 
the pebbles of the "Pebble beds,** which seems to have alternated, geo- 
graphically as well as stratigraphically with the copious formation of 
ferric oxide, could not the same cause have operated to precipitate 
silica from the waters of the Triassic ocean and thus embrace the ac- 
cumulating pebbles or quartz grains? It is a significant fact that these- 
two elements, "secondary" silica and ferric oxide, are frequently 
associated in this way. 

The Ir(tn Depositn of Arkansan R. A. F. Penrose. Annual report for 
1892 of the Geological Survey of Arkansas, Vol. i. Octavo, pp. 158^ 
Little Uobk, 1892. 

The report states that prior to 1860 two small bloomaries for iron, one 
in the northeastern and the other in the northwestern portions of the 
state, were in operation, but that since they ceased no iron has been 
mined, nor made in the state. This is owing to the poor quality of the 
ore and to the easy introduction of iron made in other parts of the 
United States, particularly in Missouri, since the construction of railroads^ 

Iron ore of rather low grade is found in the state distributed from the 
Lower Silurian to the Recent formations, except in the Cretaceous, and 
geographically it is spread over most of the state. The ore at Magnet 
cove is not in sufllcient quantity to be of value for iron manufacture. 
Most of these deposits are limonite. There is some spathic ore from 
the Carboniferous shales and Tertiary clays and sands, and limited 
quantities of magnetics ore. The last occurs in a residual clay derived 
from the decay of crystalline rock in Magnet cove, and is known as Ar- 
kansas lodestone. This is the only ore in the state containing an appre- 
ciable amount of titanium. Generally all the Arkansas ores are non- 
bessemer. 

Tlie ores in the northeastern part of the state are probably in the 
Lower Silurian but their exact stratigraphic position is not known. The 
evidence seems to indicate that they are below the Calciferoos. The 
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rocks dip under the saccharoidal sandstone, and the Izard and St. Clair 
limestones which represent the upper members of the Lower Silurian 
system in the Batesville manganese region, to the south of the iron 
region. 

The ores in the northwestern part of the state are probably on the 
same geological horizon, or perhaps somewhat in the Boone chert of the 
Lower Carboniferous. 

The ores of the Arkansas valley are in the Carboniferous and Lower 
Carboniferous. 

The iron ores of the Ouchita mountains occur in a series of novae- 
ulytes, siliceous shales, quartzytes and sandstones, though most of the 
deposits are immediately associated with the novaculyte and the siliceous 
shales. These strata are regarded Lower Silurian. They have furnished 
a few graptolites which Dr. Gurley regards as of Trenton age, but **the 
exact stratigraphic relations of some of the graptolite shales to the 
novaculytes are as yet uncertain." This is the same novaculyte series 
that contains the manganese deposits, and has a thickness, sometimes, 
of 450 feet, in other places thinning out altogether. The ore, the erup- 
tive associations, the novaculyte, the slates, the titanium in the Magnet 
cove magnetite, the non-fossiliferous nature of the strata and the man- 
ner of occurrence of these deposits furnish many parallels with the ores 
of the Mesabi iron range in Minnesota, and strongly suggest a proba- 
bility of equivalence of age. 

The iron ores of southern Arkansas are in the Eocene of the Tertiary, 
and mostly below the Claiborne horizon of that series. These are lim- 
onites and small quantities of carbonates. Of these tlie author enters 
into a careful consideration of their origin. He traces them through 
the following stages. 

(1) The derivation of the iron from the decay of the rocks in the 
drainage area of the sea which in Tertiary times occupied the position 
of the present gulf of Mexico. 

(2) The solution and transportation of the iron in the form of soluble 
organic and inorganic salts. 

(8) The precipitation of the iron as oxide or carbonate in lagoons or 
bogs along the coast. 

(4) The segregation, as carbonate (clay ironstone) of the iron precipi- 
tated in the above forms. 

(5) The conversion of the carbonate into the hydrous sesquioxide of 
iron (limonite) after the lagoons on the coast of the Tertiary sea had 
been elevated into a land area. 

Although the iron ores of the state are at present commercially vailue- 
less, this is a valuable report. It sets at rest the ardent expectations of 
some prospectors and deprives them of their wealth, so far as it could 
consist in Imaginary stores of iron ore, but it will be found to conduce 
greatly to the wealth of the people at large. It will forestall future ill- 
directed expensive exploration throughout the regions described, i^id 
will allow the citizen to prosecute in ((uiet the peaceful pursuit of such 
industries as the state actually possesses. 



326 The American GeolvgUt. November, loe 

Studies of Muir Glacier^ Alasht, Harry Fielding Reid (Nat. Geog. 
Mag. IV, Mch. 21, 1892). Some of Mr. Reid*8 conclualons disagree largely 
with previouH studies upon the same glacier. He finds the greatest ad- 
vance to have been seven feet two inches daily, and the smallest four 
inches. Professor WrighVs greatest advance, as measured In 1886, was 
72 ft {Ice Age in N, A. p. 50); however, if we assume both measurements as 
correct, a change of climatic conditions may account for the very great dif- 
ference. The erosion is estimated at three quarters of an inch per an- 
num. 

Mr. Gushing, the geologist of the expedition, found the exposed rocks 
to consist of limestone, argillite, quart z-diorite and diorite; and Dr. 
Williams* microscopic examinations revealed several diorites, porphyry, 
porphyrites, gabbro (troctolite not from the glacier) and diabase. Dr. Her. 
rick contributes a ^'microscopical examination of wood from the buried 
forest," pp.75 78; Mr. Kowlee, a list of plants and finally Mr. Reid« meteor- 
ological and magnetic observations and suggestions to future ob- 
servers. 

Gibraltar—pvLT Paul Choffat. (Bull. Soc. GC'oi. Prance.) This in- 
teresting contribution is chieHy a criticism of the report on the geology' 
of Gibraltar made some time ago by Ramsay and Gelkie, who, accord- 
ing to M. Choffat, were unable, on account of artificial obstruction, to 
view the best exposed portions of the rock, which are now inaccessible. 
These gentlemen obtained but a few specimens of a single species of 
Rhynchonella, which was determined by Messrs. Etheridge and David- 
son to be very near B. concinna Sow., thereby placing the rock in the 
same horizon as the Great Oolite and Cornbrash of England. 

M. Choffat then alludes to the excellent report upon this celebrated 
rock by Smith, made many years ago, in which these remains are de- 
scribed as R. tetradra Sow., Lias. M. Choffat has been able to examine 
this species and also those collected by Ramsay and Geikle and finds 
they are identical. As this species (tetrifdra) occurs in the Alpine Lias, 
and as the author has lately discovered the same in Portugal he sees no 
reason for changing the age, as proposed by the two English observers. 
He therefore contends that the age (IJaH) proposed by Smith is the proper 
one. 

On Nephdine rork» in Brazil^ i*art ii. Oryille A. Derby. (Quart. 
.Tour. Genl. Soc. May, 1H91.) In this paper the author comes to the 
conclusion that the Tingua peak, in the midst of an area of gneiss, com- 
posed as it is of orthoclase-nepheline rocks some of which are f ragmen- 
tal tuffs though hardly distinguishable from phonolite flows, is a para- 
sitic or iuperiuiposfid mountain, according to the nomenclature of Von 
Richthofan. This is but one of a number of localities in which the 
same features and the same rocks occur. Its age is unknown, but later 
sedimentary rocks (!ontaining similar eruptive rocks are near, and in 
the vicinity are (Carboniferous fossils. It would appear therefore that 
tlie peak may bo a remnant of a volcanic cone left after the denudation 
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of CarboDiferouB rocks in which it may originally have been embraced. 
It is comparable to the basic volcanic tuffs that form a marked feature of 
the Keewatin, of the Archaean of the ^'Northwest," In the United States. 

Clfi*nification of the Cephalopoda, In the May number of the Proc 
Geol. Ansn, (London, 1802, xit) comparison tables were given of the 
various systems of classification. In the July number another list is 
given, designed to replace the former. Table i is Hyatt's classification 
1867-83; Tab. ii is Fischer's, 1882-8; Tab. in, Zittel's, 1884; Tab. iv. 
Bather*8, 1888; Tab. v, Stelnmann's, 1800. Bather's is the most remark- 
able mainly on account of its brevity, here showing Lipoprotoconchia, 
Bub-ord. Nautiioidea. Sosiprotoconchia, sub-ord. Ammonoidea, sub- 
ord. Coleoidea (Osteophora, Cbondrophora). 

Penfidditey a new $peeie8, (Am. J. Sci. xr.iv, 261.) Associated with an- 
glesite and laurionite from Laurion, Greece, Dr. Geuth has discovered a 
new lead oxy-choride of the composition PbO. 2 PbCl, (CI.— 18.21, Pb— 
70.73 O— 2.06). Hexagonal, white, vitreous to greasy. Named after 
Prof. S. L. Penfield. 

Ilandhuch der Mineralogie, The sixth part of this excellent work by 
Dr. Hintze has just been Issued. It treats principally of the serpentines 
sodalite nephelite, kaolinite and associated minerals. 

Protolenus, a neu) Genu9 of trilobiUs, G. F. Matthbw. (Bulletin x. 
Natural History Society of New Brunswick, Sept., 1802. 

The new genus of which two species are de^rilied, Protolenus etegam 
and P. para^oxidesj occurs in the beds of Band b, division 1, of the St. 
John group, at Hanford brook, New Brunswick. 

The Ghcial Successiofi in Europe, James Geikie. (Trans. Roy. Soc. 
Edinburgh, Vol. xxxvri, Part 1, pp. 137-150.) 4to. with a map. This is a 
review of the evidence in Europe for the idea of three or more glacial 
epochs in Pleistocene time, and he concludes that at least four such 
epochs of cold can be established. He goes further, and extends alter- 
nating seasons of cold and warmth into Pliocene time, thus making five 
glacial and four interglacial epochs. 



CORRESPONDENCE. 



On the Keokuk Group.— The August No. of the GEOLOtiisT con- 
tained an interesting paper on this subject by C. S. Beachler. In giving 
the literature he has overlooked a paper by tbe writer published in the 
American Journal of Science for October, 1890, in which the conclusions 
were practically identical with those now brought out by Mr. Beachler. 
In this paper a detailed section was given of the beds at Keokuk, and a 
study made of the fossil forms in wbich it was shown that the Craw- 
fordsville crinoidal bed represents the thin sandy stratum sometimes 
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found at Keokuk above the geode bed, and represented by No. 13 of the 
section. This conclusion had been announced previously in a paper be- 
fore the Iowa Academy of Science (Mar. 10, 1890).'*' Mr. Beachler has ar- 
rived at the same results independently from a study of the Indiana 
area. 

These studies tend to a separation of beds hitherto considered identical 
though much additional work is needed to set at rest obvious ques- 
tions. 

The disposition of the chert or transition bed below and the Magnesian 
or Warsaw al)Ove is still an open question, though recent writers seem to 
favor Owen and Hall in including them with the Keokuk. The evidence 
seems to sustain the following arrangement, here given tentatively: 

Keokuk. Indiana. 

Magnesian or 
Warsaw beds. - Spargeon Hill beds. 



Uppek Keokuk. 



Blue Sandy bed. Crawfordeville beds. 

6 inches — seldom seen. 
(No. 18 of my Section.) 



Geode bed. - - Indian Creek shale. 
KEOKUK. \ L Bono beds. 

! r Limestone bed. - - Walnut Fork beds. 

t Lower Keokuk. \ 

\ Chert bed. - New Ross beds. 

This follows very closely Owen's division, made in 1852. In a paper 
on the Mississippian Section (Lower Carboniferous) before the G. 8. A., 
C. R. Keyes has given a brief descri tion of the Keokuk group, in 
which he ignores the work of previous observers, and gives but an im- 
perfect exposition of this important group of rocks. 

Evanston, 111. C. H. Gordon. 

• 
W. M. Harvet. — Another quiet and earnest worker in the lield has 
been called to rest. Mr. W. M. Harvey, of Glen Rose, Texas, was buried 
on the 12th inst. To most of the readers of this journal his name was 
unknown. He belonged to none of the scientific societies, and held no 
scientific position, yet he lived a life devoted to nature, and through his 
explorations, made in the intervals of leisure he was able to take from 
his occupation as a house carpenter, discovered important material, now 
in the hands of Prof. L. F. Ward, of the U. S. Geological Survey, and 
Prof. £. D. Cope, of most signal value in completing the determination 
of the great lower Cretaceous system of this countr>\ Thri)ogh his 
patience as a collector, many important results were secured, in the 
vicinity of Glen Rose, including a locality where marine moUusca of the 
Trinity formation, as figured in th<^ Arkansas reports, were associated 
with the Potomac flora of the north Atlantic states, and above all, with 
the first determinable fossil vertebrates from those beds, including croc- 
odile and fish remains. This discovery is important because, with the 
three fold evidence it affords, the age of the lowest fossil bearing beds 
of the Comanche series can now be fix*»d with certainty. Professor 

♦Proc. J. A. S. 1897-9, p. 100. 
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Harvey was a native of Cincinaati, and acquired liis love of fossils from 
association with the old school of paleontologists who there enthused all 
who met them with a love of science. He migrated to Texas for health 
and fortune. It was the writer*s goodfortune in 1889 to discover him in 
his cottage filled with a rare local collection of the beautiful fossils of 
the adjacent country, and, again, in October, last year, to take to his 
home Prof. Lester F. Ward, under whose direction he collected a most 
abundant and important flora of the Potomac (Trinity) beds, which has 
been studied by Prof. Fontaine, and is now ready for publication. Mr. 
Harvey was one of many local geologists whom the writer has met in 
out-of-the-way places, working for the love of science, enduring the op- 
probrium of scoffing environment, but who, when the final award of 
honor will be given, shall find equal credit with those who, surrounded 
by every opportunity and luxury, have often accomplished less. 

R. T. Hiix. 



PERSONAL AND SCIENTIFIC NEWS. 



New Discoveries at Mentone, France The discovery of 
three skeletons in this celebrated cave was made last February ; 
they were unearthed at a depth of about five feet, which is about 
25 feet below the original floor of 1872. The remains indicate a 
man of perhaps more that seven feet in bight; perforated teeth, 
shells, etc. , were also unearthed. Mr. Vaughan Jennings, F. G. 
S. , who visited tlie spot in March, suggests (Nat. Sci. i, 272) that 
from a study of the implements found with the remains, they 
may belong to the neolithic age, but the skulls indicate an even 
more ancient type; however, the author concludes that the fact 
that similar perforated teeth, etc. , have been found in the Dor- 
dogne cave of the same age as the classic drawings on bone, of 
the mammoth and reindeer, strengthens very much, the argu- 
ment for the palaeolithic age of the Mentone man. 

Mesozoic Fossils prom Central Himalaya. (Nat. Sci. i, 
447.) Fossils from India recently examined in Vienna are found 
to conform in a marvelous degree with eastern Alpine species. 
Dr. Diener has formed an exploring party to visit the Himalayas 
for the express purpose of studying the fauna thereof with a 
view to comparison with the Austrian- Alps fauna. 

The Greenland Exploring Expedition: The relief expedi- 
tion sent out last summer has returned, bringing with it all the 
members of the first expedition, with the sad exception of the 
young geologist, John Verhoeff , who was lost while out alone on 
a geological expedition. To quote Mr. Peary, **I have traced 
the northern limit of the interior ice-cap of Greenland; I have 
settled in my own mind the northern limit of the mainland of 
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Greenland, demonstrated the existence of enormous glaciers in 
all the northern fiords ; 1 have completed surveys of Davis bay, 
Inglefield gulf and Whale sound, and finally I have had excep- 
tional facilities for studying that most unique tribe of about 250 
persons, the arctic highlanders. " 

We shall await with great interest Mr. Peary's reports upon 
these obscure subjects. The Academy of Natural Sciences of 
Phila. , has the credit of giving support to this most successful 
expedition. 

The Michkian Mining School, at Houghton, Mich., has 
reotntly been endorsed and commended by a committee appointed 
by the Superintendent of Instruction, consisting of D. A. Ham- 
mond, Perry F. Powers and S. E. Whitney. They made two 
visits of inspection, and report: **The Michigan Mining School, 
we may say in closing, has come to stay; because it has demon- 
strated its fitness to live. Whatever may have been its weakness 
in the past, it is now doing valuable work. It is well equipped, 
has an able faculty, and a demand upon it greater than it can now 
supply. We see no reason why it should not be a very valuable 
auxiliary in the future development of the mining resources of 
the state." 

ClI.VNOES IN THE DEPARTMENT OF (» EOUXJV AT THE KANSAS 

State University. Prof. S. W. Williston, the former incum- 
bent of the chair of geology, retains paleontology and vertebrate 
anatomy. Mineralogy and physical geology have been created a 
new chair to which Prof. Erasmus Haworth, late of Oskaloosa, 
Iowa, has been api)ointed as associate professor. 

Mr. J. F. Whiteaves communicates to the Canadian Record of 
^Science for October, a description of a new genus and species of 
phyllocarid Crustacea from the middle Cambrian of mount 
Stephen, B. C. Three genera of Phyllocarida are known from 
the Cambrian rocks of Europe and America. The new genus, 
Anomaloraris, now described by Whiteaves, adds a fourth. 
Anomaloran's differs conspicuously from the other genera in the 
characteristics of the alnlominal appendages and in the number 
and disposition of the caudal spines. The type specimen is 
named A. canadensis. 

Dr. Flower's recent little book, --The Horse,*' (New York, 
D. Appleton and Companj',) though not primarily designed for 
specialists, will be found a very convenient aid to advanced stu- 
dents, not only in biology but in geology as well, since it presents 
:i most excellent summary of the present state of scientific 
knowledge concerning an animal that figures prominently' in both 
of these sciences. 

Dr. Otomar Novak who was continitino the researches of 
Barrando into the Silurian faunas of Bohemia while filling the 
chair of geology at the University of Prague, died on Julj- 21Hh. 
He was only 42 years of age. 
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A PRELIMINARY EXAMINATION OF SO-CALLED 
CANNEL COAL FROM THE KOOTANIE OF 

BRITISH COLUMBIA. 

By I). P. Penhallow, F. R. S. C, F. R. M. 8., McGIU College*, Montreal. 

Plate X. 
During the past year iinumV)erof specimens of a ooalj' mineral 

having tlie general properties of a cannel coal, and locally recog- 
nized as such, were ()])tained from the Kootanie and Lower Cre- 
taceous formations of British Columbia. Their peculiar physical 
constitution, and the grc^at ditticulty of ascertaining association 
with any of the materials ordinaril}' known to contribute to coal 
formation, made their examination a matter of more than ordi- 
nary interest. The specimens at first placed in my liands. con- 
sisted of a slide by Mr. Weston of the (leoiogical Survey, to- 
gether with a small fragment taken from a characteristic hand 
specimen. They were submitted to me by Sir Wm. Dawson, who 
had received them from Dr. George Dawson of the Geological 
Survey. A preliminary inspection satisfie«l me that a more ex- 
tendeil examination of the original material wsis desirable. Dr. 
Selwya, of the Geological Survey, kindly supplied me with five 
characteristic hand specimens from as many different seams, some 
of them widely separated. These were submitted to a critical 
examination, and from some of tliem. a number of fresh slides 
were prepared. 

So far as their general characteristics are concerned, these 
coals are all of the same nature, ditfering chiefly in degree of 
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consolidation under the influence of pressure. In ail tlie more 
compact specimens the fracture is conchoidal and lustrous; a few 
show a coarse lamination while others do not. All agree in being 
made up of similar rod-like bodies which are more or less closely 
compressed. In one case the rods were loosely piled in a promis- 
cuous manner, in such a way as to exhibit their form and size very 
perfectly, being held together, apparently, by a partial fusion 
with one another, or by a cementing substance of a similar na- 
ture. In the most compact forms, it could l>e readily ascertained 
that the rods constituted the entire sulistance of the coal, their 
transverse and longitudinal fractures being sufficientlj' conchoidal 
and lustrous to distinguish them from one another. The rods are 
round and straight, and closely resemble, in some of the less 
compact specimens, rods of aml>er of dark color. The least 
diameter found was 0.5 mm. From that they range upwards to 
2. mm. , which, however, is not very common. Their length aj)- 
pears to lie between 5 mm. and 2.5 cm. One specimen was 
characterized by a decided flakiness, the flakes being closely 
compressed and apparently composed of finer laminae of a sub- 
stance similar to that constituting the rods. 

Several sections were taken from the ditferent hand specimens 
and prepared for microscopical examination. 

Section 21!^G was prei)ared ])y Mr. Weston of the Geological 
Survey, from one of the least compact of the liand specimens. 
It shows the rods to be cut variously, but chiefly transverse and 
longitudinal. Lines of flow none; tissue or cell structure none. 
Granulations common and often disjiosed so as to form zones 
surrounding hyaline areas. Granules round or oblong and often 
spore-like, 1.9 fi in diameter. Color, reddish amber. Irregu- 
lar lines of fracture often penetrate the rods at right angles for 
one-fourth their diameter; they usually show as shrinkage clefts 
or air tubes. 

A conspicuous feature of the rods is the presence in their in- 
terior of tubular, often branching, openings which are strongly 
suggestive of vegetable growth, and at first are apt to lead to the 
suppositir)ii that they are fungous mycelia. On account of their 
l)eculiar form, it nuiy be well to refer to them as myceloid tubes 
or ramuli. They may be roughly classed as of two kinds — large 
and small. 

The large tubes were found to be cut in all ways, precisely as 
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long, tubular cells loosely aud sinuously disposed would luj, so 
that there were longitudinal and transverse, as well as obli(iue 
sections of them. Longitudinally they show an apparent cell wall 
and prominent central cavity. They are more* or less vermicular 
and simple or irregularly branching. The cavity is often filled 
with a poorly defined granular substance, and they sometimes 
contain air. 

In transverse section the apparent wall appears prominently, 
and shows as what seems to be a rather thick wall with an outer 
and dark, limiting membrane. The tubes are usually about 39 
/x broad, and the wall 14 /t thick. 

The small myceloid ramuli are freely branching and some- 
what interlacing, and in many cases are filled with air. It is- 
very common to find them occupying large areas of the rods, 
while less frequently they assume the form of stellate groups- 
closel}' resemblings tufts of Rivularin. These groups are com- 
monly 1 00 /I broad The separate tubes measure from 1 . 1) /t to- 
3.8 n and even 15 /». in diameter. In the smaller forms where 
the radial disposition is most pronounced, these ramuli com- 
monly terminate in sub-spherical pockets. 

The substance lying between and apparently cementing the* 
rods together, consists chiefly of a fine granular matter — the* 
granules being very angular — which seems to have been derived' 
from the same material as the rods through some pulverizing 
action. 

Section 1 was prepared at the Red path Museum, as were all 
the following sections. In this the rods show frequent round 
air cavities measuring from 9. (J // to 105.6 n in iliameter. Small 
lamina? and angular fragments fill the spaces between the rods,, 
apparently consisting of the same material. The rods themselves 
are wholly structureless and otherwise as in the preceding sec- 
tion. 

In section 2 the rods are cut longitudinally and transversely. 
Lines of flow and evidence of structure wholly wanting. The 
fine, myceloid ramuli are abundant and often contain large quan- 
tities of air. The large ramuli are not very abundant, but when- 
present usually contain air. The interstitial substance forms a. 
spongy cement — being traversed ])y numerous round openings — 
consisting of minute, angular fragments of amber-like material 
iml)edded in an amorphous substance of souuewhat granular 
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(•haniotor and possibly derivi'd from cellular structure. The whole 
forms a cementing sul)stance which unities the aml)er-like rods. 

.S(»ction .'J is that of a flake taken from hand specimen Diim)x*r 
5. It is composed of a spongy mass, jK)8sibly the residue of 
cellular structure, in which are emlu^dded small fragments of 
amher-like substance of angular form, the whole as in the inter- 
stitial substance of number 2. 

Section 4 was obtained from a single rod or filament 1 cm. long 
by 1.25 mm. wide. Structure none. Round cavities similar to 
air bubbles, freciuenl. but not so conspicuous as in many other 
cases. 

The iletails thus outlined sufficiently expn»ss the characteristics 
of all the other sections examined, and the general results of the 
examination make certain facts prominent. 

1. The total absence (»f structure. 

2. The presence of tubular ramuli of diverse dimensions. 
W. The presence of roundtnl cavitii»s. 

4. The presence in large (luantity, of angular fragments of 
material of thi» same nature as the rods. 

0. The pn»sence of an amorphous substance together with the 
last, either occurring as distinct flakes, or acting as a cement to 
unite then>d. 

It is desirable that these facts l>econsidertMl somewhat in detail. 

The complete absence of structure throughout the numerous 
rods submitted to examination, is significant. Out of several 
hundred rods there was <mly one instance of an appearance which 
was at all suggestive t)f derivation from struclun\ In this case, 
a very limited area was <HHMipied by a series of rather closely ar- 
rangiHl plat4»s running transversely to the axis of the nxl. but thi"^* 
an\ I think, capable of n»ference without si'rious question, to the 
action of internal shrinkage. (Fig. 2.) Had normal structure at 
any lime constituted a part of thest* rotls. it is quite likely that 
out of one or two hundrcil. some evi<lence of this fact would 
have appearinl. The t«>tal absence of such evidence lends strength 
to the view that the nxls must have U'cn derivwl from material 
originally structureless an<l. i)ractically. of the same nature as 
now found. 

The presence of spore-like granulations is a feature* more or less 
iHunnion to all organic structure which has {Kisseil into a fossil 
stale, and is incident lo the more i»r li'ss cv>mplete Unmaking up of 
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till* original orgiinic niattor with the elimination of tlie elements, 
of water. When such changes occnr, the modified parts aecpiire 
a darker color whieh eventnally ln»eorae hlack, assnme a granular 
form and dispose themselves in accordanee with the particular 
nature kA the molecular changes in the material as a whole. This 
has elsewhere* l)een shown to produce very peculiar effects, as in 
UKMlificaticMi of the structure of Nviuntnphifton. In this it is 
possible to find a satisfactory explanation of the distrilniti<m of 
granules about the surfaces of air tubes or internal fissures in 
such a way as to produce the appearance of a cell wall. 

The presence of tubular ramuli is a condition which, without 
critical examiiuvtion. might seem to justify the opiniim that my- 
celia had penetrated the body and become i)ermanently preserved. 
This nec^essitates the supi>osition that (a) the material of the ro<ls. 
was once soft and that when in that condition it had flowed over 
and engulf(;d the associated fungi, or (b) that while plastic, it 
l)ossessed nutritive properties and was readily penetrated by 
fungi. The total absence of lines of flow offers serious opposi- 
tion to the first hypothesis, and indicates that the rods were, 
from the first, of the form and general character now found. 
The second hyi)othesis is pi*obably not admissible for reasons 
which will ai)i>ear later, although it is undoubtedly true that the 
rods were originally composed of a soft and even viscous sub- 
stance. 

It is furthermore found that the ramuli are not septate, but 
form continuous simjile or branching tubes; their branching 
is irregular and not determined with that uniformity wliich is 
Cimsistent with the growth of organic structure; the tubes are 
irregular and often contain sid(» jxx.'kets such as no vegetable 
structure is known to have, but such as might readily be formed 
under certain comlitions of contraction in tlu» surrounding mass. 
Also, the remarkable disjxisition of these tubes is wholly incon- 
sistent with their character as j)ossible vegetable structures. 

Precisi»lv similar tubes mav be formed under certsun conditions, 
in an}' plastic material. It is a matter of common experi(»nce in 
the preparation of glycerine jelly mounts. that if a somewhat ex- 
cessive pressure lx» applied to the central area of the c<>ver glass. 
the latter will Ixs slightly bent down below the line of the margin. 
Upon removal of the pressure after the jelly has hardened, the 

♦Trans. Royal See. Can. vm. iv. 24-25 .Vmkkican (^kolocist. ix.j). .SOIL 
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-cover glass s[irings liaok to its normal position mid in so doing 
l^nds to ilniw away from the jelly inime<liately Ix-low. The 
necessary ooiis(i|iieneo of this is the formation of a cavity which. 
<.iwing to the |>eenliar consistency of tlie jelly, will assume thi- 
form of ii series of irregnlarly liranohinj; nimiili often disiwrsetl 
in a stellate manner. The lignres and tulM's thus forme<l are in 
all t>sseiitial res])i>cts the exact connteqrart of the ramiili found 
in the rods of eannel coal now under consideration, and 1 think 
we may safely infer that the latter arist- from the same genenil 
«aiise as the former. This would make them the wMnlt of inter- 
nal shrinkage cnuseil l>y the gradual elimination of a volatile ele- 
ment. Iiut as tlu' loss of Hucti a volatile constituent must alwa\'s 
take |ilaci> tii'sl at the snrfaee, there would necessarily he formeii 
an external layer of greater resistance which would tend lo pre- 
serve the original form and promote ii shrinkage through the 
central mass towards tlie lirmer Imunding layer. This view is also 
jnstifieil 1iy the known occurrence of similar shrinkage enkcks 
anil |>ockets in amiier and other forms of fossil resin. 

Tlie material ot'cupying the spaces Iretween the rods and ap- 
parently cementing (hem together, consists of an amorplions and 
irregularly granular mass full of rounded holes, therein" giving it 
a spongy eiiariu'ter. Within thia matrix are imU'dded numerous 
small, angular or rounded — -sometimes Inmina^-^fi'ogments of 
material nlnch. fivifii its gt-neral asjH-cts. appears to 1h' the same 
as the rods, and in all prol)al>ility is the material of rods which 
were liroken up in various ways. The presence of such frag- 
ments and the curious way in which the rods an- ma.ssed in thick 
H(>anis. logetlier with the- al>sence of other material, would seem 
to indicate tlie ageiu\v ()f water. Tlie source of tlie ainurplious 
siilistance is not so clear. It lias no apparent n'lationship with 
the rods anil fragments, nor does it anywhere present any struct- 
ural aspects, so that we are left wholly in (loul)t as to its possi- 
lile nature. A hyi>othelical view might regard it as the debris of 
vegetalile Ktriutinv. lint it doi's not appear so carbonnceooB aa 
material from such a source slioiild lie. 

These i-onsiilerations render it fairly clear thai the origin of , 
tlicsi' roals must 1h' sought in some other rlirection than mfHiiftml j 
vetiilalile structure. Fioni their character as deteriuiued hv E 
.■r(isrii|iiv:il exaniiiialiiiii. from tlieir frnc lure aii<I color in b 
juitti'il iiglit. as welt as from their eomhiintilile nnlun>. weft 
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only conclude tiiat they represent some form of foaail resin. The 
[lossiliility of their derivation from re»iii wafl Hrst ttiiggestetl liy 
Dr. (i. M. Dawaon In his first letter transmitting the spitoimens. 
Kut certain (Ufflciilties seem to stnnil in the way of tliis hypothe- 
sis. Among these is tlie absence of any lines of flow. We may, 
however, eoncoive lUe resin to have l)eeii solidified in the resin 
passages of the tree, and tliis is eertainly impliiHl by tlie fi>rm and 
sixe of tlie rods as now found. 

Again, the enormous volume of these nxis, snltleient to pro- 
dnei^ thieit and extensivi^ eoal lieils. would almost seem to be in- 
compatible witli their origin in the way suggested nitove. nnk'ss 
we suppose (a) tliat tlie resin bearing trees of that period were 
<-niirinonsly abundant—far excee<ling anytliing known in modern 
vegetation, aiitt possilily of a ajiecies which has ceased to exist, 
or (1)} that thi- trees pr<Hliice<.) resin in sucli enormous ipiantity 
ttuit rapid and great accumulations were possible. 

The complete absence of any definite structure associated with 
tlie siH'cimens, still further eoiuplieates the problem, though it is 
quite iKissildc that the plant remains found in the surrounding 
strata may throw important light upon the subject, when oppor- 
tunity ofl^ers to systematically collect and sHidy them. In the 
present state of our information, three [lossibilities suggest them- 
selves. (1) The resin was produced wholly in the bark, Upon 
decay of the trees the Iwrk sejiaraled from the wood, tlie two 
fltiateil indeiwndently and may liave eventually reached the same 
or different places of deposit. The free bark while Hotilingsulfered 
suttieient disintegration ti> liberate the contained i-esiu, which was 
corrietl to a separate |)lace of deposit. This hypothesis gains no 
support from moilern vegetati<in.and is iloul)tl essoin- wliieh will fail 
to satisfactorily account for the great accumulations fi'uiul. (2) 
The occurrence of the resin in the wood ()r in l>ot}i wood and bark, 
the structure of which deca.ved siifticiently to lilurate it after being 
hardeneil. In such case we might reasonaltly expect to find some 
remnant of the woody structure associated with the rods. Their 
purity, however, indicates a complete twpuration from the structure 
ill which they had their origin, and, morf>over. such sejuirat ion must 
hare taken place with great facility. Modern examples lend no 
Tlie resin tubes may have been pro- 
tfJlMwd ill layers in siii}h a iviiy as to promote a rapid and completi^ 
I Ul> of the orginiif structure in drying or decay, with 
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consequent liberation of the indurated resin. The suljsequent 
action of water would tend to separate the two completely, and 
thus establish the purity of the resin as now found. The only 
possibility of obtaining any support for this theory from modern 
vegetation, came to us at the close of my examination of these 
coals, in a report that certain spruce and tamarack trees now 
growing in the Kootanie district do produce resin in large (quan- 
tity and in such a way as to determine their speedy breaking up 
when subjected to desiccation or to maceration, and that from 
them miglit be derived data which would have an important bear- 
ing upon the nature of these coals. As it was important that evi- 
dence of so promising a nature should be examined, 1 asked Mr. 
1). A. Stewart, of Winnipeg, an engineer in the emplo}* of the 
Canadian Pacific railway, if it would ])e possible to procure 
for us. specimens of the trees in (juestion. This he verj^ kindly 
consented to do, and we have since been placed under obligations 
to both Mr. Stewart and other officers of the Canadian Pacific, 
by the receipt of four fine specimens m(»asuring about two and 
one- half feet long, and with diameters of upwards of a foot. 
Since then all of the specimens have been carefully examined and 
with wholly negative results. The details of this examination 
will appear later. It is sufficient for our present purpose to 
point out that the last hypothesis advanced to account for the 
origin of ihese coal* receives no support from modern vegetation, 
and we can only hope, therefore, that in future examinations of 
these deposits, associated plant remains may ])e found which will 
throw light upon a now very obscure problem. 

A chemical examination of these coals has been made by Mr. 
G. C. Hoffmann, of the (reological Survey of Canada,* but as 
his results bear only upon their fuel value, the\' throw no light 
upon their origin. At my request, Dr. Harrington, of McGill 
College, has kindly undertaken to determine the soluble constitu- 
ents in order to bring them into comparison with certain fossil 
resins from Cedar Lake, which he had already examined.! The 
Cedar Lake resins show 21.01^/^ soluble in absolute alcohol, and 
24.S4% soluble in ether. The cannel coals in question show only 
4.0% soluble in chhuoform, and 3.177c soluble in ether, the 
solution in each case being str<»ngly fluorescent. It is, therefore, 

"Micpt. Geo]. Siirv. Can. iv, 7 l\. 
+ Ainpr. .Inl.Sci. xi.ii, 332. 
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obvious that no direct comparison can be made, but while these 
results fail to show relationship betwecMi the aml)er or f(»8sil 
resin and the eannel coal, they do not enable us to sav that the 
latter did not have its origin in vegeta])le structure. It is (|uite 
l)08sible that the greater degree of insoluliility of the coal may 
be the i*esult of a greater degree of alteration. 

KXPLANATIOX OK TIIK Fl<U JtKS. Pr. ATK X. 

1. Conl showing rods in longitiidinnl sect ion, tox^'tlxT with griiiMilnr 
matter lying between. X 0. 

2. Filament of coal in longitudinal .•4<M'tion showing a siiifill nrna 
o<»cupied by transverse shrinkage cracks, X 70. 
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Statement ok the Problem. 
DejiintiiHi mul lln'iWirs nf Drtnnlin*. — The drift llills cnlled 
(Irumlins consist, at least snperticially and in most cases thmuvjrh- 
ont their entire mass, of till or lx>nMer-cliiv, lieinji nnstratitied 
clav. san<l. irravel. and iMjuUlers. mintrled indiscriminatelv to- 
gether. whirh therefore mnst be attribuletl to deposition by ici» 
without modification by the assortinor and stratifying action of 
currents of water. Thev have usuallv an oval fomi. with smoothly 

*This |)n|)#'r. in |>n'lirniiiarY »»iitlin»»s, was i)n»»4eiUH«l hofon* rh»« < n»f>- 
iogirai SorMiMynf \in#Ti<'n. Aug. IH. 1S!»'J. at rh»Mii«M»ting in Uoflii^^if ^t, 
X. Y.. as rinf»'"d in i ln'Ortob^T (iKi.i.iM.i-^r ■ |v -M>i'. Furrh#»r study has 
sinc»» \%h\ to Dim opiniorw giv»'T) htT»'. rhar rhn ♦Miglariai drift of whirh. 
iiruler this \ i»'\\ . i Im* drumlnw aj>|»»'ar to ha\>' bfein'hioriy fonnfMl. had 
lM»ooni»' <U|>MrL'larinl hy ahhition and w :i^ at'rerward ♦•nciosfd ;i«. a 
sfrnruni within rh»' ir.'-^hfct, Iwinif thrnrn amassed in thesn hilU: 
and that, arr.,prlirig lo -u«-h »'\|)hinai iori of rhe ^^r\M\\\ of ilie drurnlir)-» 
and rh.Mp cnnipMri-on w ifh tlir rt»rnnnal nioraint's. tin* !(•»» agr ii)ay 
probably have <'«»ni|»ri<«^'d only a singh' irlarial ^*|MM*h. 
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rounded top and stt^ej) slopes, especially at the sides, from which 

features Prof. C. U. Hitoheock in 1870 nanie<l them hmtivvlin' 
hilh, the first distinctive term applied to these drift accumula- 
tions in this country. Subsequently the name ilrninlins^ used by 
M. 11. Close ten years earlier for similar hills and ridges of till 
in Ireland, has come also into common use here. 

Oval or elliptical forms of drumlins prevail, with rare excep- 
tions, in New Hampshire, Massachusetts, and (Connecticut. In 
some other districts, as in central New York, these hills vary from 
the oval type to prolonged ri(iges, running nearly straight several 
miles; and in eastern Wisconsin, as described bv Chamberlin, thev 
an» prevailingly circular and dome-shape<l on some areas, lieing 
therefore called numnnilhin/ hills, while in other l<K*alities thev 
occur mainly as long parallel ridges. Wherever drumlins are 
found, their longer axes trend in parallelism with the courses of 
the glacial striie ami transportation of boulders, that is, with the 
current of the ice-sheet, (ilacialists are agreed that this relation- 
ship and the very regular and smooth contour of the drumlins 
resulted from the moulding action of the overriding ice, to which 
masses thus elongated opposed the least resistance. 

In the areas of their greatest development the drumlins range in 
hight from 2.") or 50 feet up to 200 feet or rarely more, and propor- 
tionately in length from an eighth of a mile to one mile, or,intnicts 
where th(»y become long ridges, two to three miles or more. The 
slopes of their ends arc gentle or moderately steep, having from 
5 to 20 feet of ascent in a distance of a hundn^d feet: but the 
steeper ascent of their sides varies usually from 15 to 30 feet in 
the .same distance. Instead of amassing the till in such pn)mi- 
nent accumulations, we should expect that the ice-sheet would 
tend constantly to wear away the hill tops and leave thick de- 
posits of subglacial drift only in depressions of the country* and 
on low or nearly level land. 

That the drumlins are commonly till or lK)ulder-clav from 
crest to base is shown bv sections of wells and other excavations, 
and on the coast b}' wave erosion, as in Boston harbor and its 
vicinity, where a third or half of a drumlin in numerous instances 
has bi»en washed away, leaving sea cliffs of till from 20 to 100 
feet high. FrcHpiently, however, drumlins rest on mo<lerate ele- 
vations of the bed rocks, which outcrop on portions of the lower 
slopes to a hight of perhaps 50 or 100 feet, forming a pedestal 
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capped 1>^' the rounded mass of till for the upper luilf of the 
hill. 

Ajriiin, lenticular slopes of till, having the same sra<M:)tlily flow- 
inp^ outlines as th(* drumlins, are sometimes accumulated on the 
lee side of hills of rock; the hill and the detritus sheltered behind 
it lieing known as **erag and tail." A large number of such 
.«lopes were map[>ed by the writc^r in 1878 in New Hampshire, 
lK»sides about half as many similar slopes of till lying upon the 
northern sides of rook hills, where they were most fully exposed 
.to the ice-current. The knobs of rock in each case may be said 
to have combed the drift from the ice by which it was being borne 
forward. More rarely the slopes were gathered upon both north and 
south sides alike, blending together and assuming the form of a 
drumlin, but having outcrops of rock at the top. In Massachu- 
iietts, however, though almost equally a region of plentiful rock 
hills, Mr. George H. Barton, in mapping the drumlins, finds very 
few of these till slopes. 

Most instructive variations from the usual constitution of the 
<lrumlins are presented where anticlinally stratified beds of gravel, 
isand, and clay or fine silt, form their inner part, reaching in a 
dome-shaped accumulation from the base upward to comprise 
sometimes the greater part of the section, with a dejmsit of till, 
which may be from a few feet to 25 feet or more in thickness, 
spread over these beds so as to form the entire surface. Among 
many sections of drumlins observed by me in New England, the 
only examples of this structure are Third and Fourth Clitfs, par- 
tially eroded drumlins in Scituate, Mass., on the shore of Massa- 
chusetts ])ay.* These rounded, low hills, rising nvspectively al)out 
70 and 60 feet above the sea, consist of till upon their whole sur- 
face and to a dt»[)th that varices from 1 5 to 25 feet and more, but 
below include beds of modified drift that attain in Third Clitf a 
thickness of at least *J0 to 40 feet, reaching to the boulder-strewn 
shore, and in Fourth (Miff a thickness of 10 to 20 feet, being 
fle<»n there to be un<lerlain by till and to be also in part interbedded 
with it. 

In Madison, Wisc(msin, and its vicinity, drumlins having thus 
an anticlinal nucleus of modified drift and surface of till are 
more frequent, as I am informed by Prof. T. C. riiamberlin and 

♦Proceedings of the Boston Society of Natural History, Vol. xxiv, 
pp. 228-242, with ma]) and sections ; April 17, 1889. 
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Mr. I. M. Biiell. ^he hill on which the state capitol is built Ini- 
longs to this class, as shown by the section of its artesian well.* 
Its hight is a))out 80 feet al)ove the adjoining lakes, and the sec- 
tion passes through till for the first 8 feet, and through sand and 
gravel, enclosing occasional lx)ulders, for the next 72 feet. 

(iriKjmphu' Dhti'ifjution. — (^renerally throughout drift-bearing 
areas the till, excepting where it is accumulated in the hills and 
knolls of the terminal moraines, has a comparatively low and 
level or moderately undulating surface. But on certain tracts a 
large part of the till is exceptionally amassed in the drumlins, 
wiiich stand up ver^' conspicuoush' as high hills, sometimes <xj- 
curring plentifully with irregular arrangement in groups or l>olts 
w4iich may extend 20 to 50 miles or more and ofttni have their 
greatest length in parallelism with the course of the terminal mo- 
raines. Elsewhere drumlins are sparingly scattered here and 
there with intervals of several miles between them, this being often 
observed on the lM)rdersof their tracts of greatest abundance: and 
rarely a single typical <lrumlin, as Pigeon hill on Cape Ann. may l>e 
sepanited many miles from any other like accumuhition of till. 

It wouhl be expected that the abundance or absence* of drum- 
lins must be determined, or at least influenced, bv the varving 
contour and diversity in lithologic characters of the binl rocks: 
but 1 have been unable to discover this relation or dependence, if 
any exists. In southern New Hampshire, and southward to the 
neighlwrhood of Boston, the drumlins are finely developed on 
some portions of the low land near tht' coast, being spread over 
areas which would otherwise be nearly level: but at many places 
inland they are iHiually abundant anumg high irregular hills of 
rock. Thev sivm as likelv to be found on one side as another of 
any mountain or pnmiinent hill range: and the altitudes at which 
thev occur varv from the level of the sea to 1,500 feet above it 
on the hiffht of land between the Merrimack and Connecticut 
rivers. IntersjHM-sed with the tracts of plentiful drumlins are 
other tracts which have none. If their distribution has been 
mainly indei)endent of the ditferences in toiM)graphy and the 
limits of various nK*k formations, as seems to Ik* true, we are 
brought to the alternative that it probably resulte<l from move- 
ments of the ice-sheet and the conditions of its erosion, trans- 
portation, and deposition of the drift. 

•*(;♦»! »lu^v of \Vis<*onsin, vol. ii, 1S77, p. o(K 



Besuli's th(» fre(iuent arrangement of these hills and ridges of 
till in gronps and somewhat definite ))elts, whieh are from a few 
miles to 10 or 20 miles wide, with intervening belts or irregular 
areas destitute of drum 1 ins, a still more noteworthy feature of their 
geographic distribution is found in their occurring thus upon some 
extensive districts, while they are utterly wanting on larger portions 
of the great glaciated areas of North America and Kurope. On this 
continent it seems probable that the districts where they are found, 
ranging from southern New Brunswick and Maim* to northwestern 
Manitoba, may have been uncovered contemporaneously from 
the ice-sheet during the same general stage of its final recession. 

Mr. Robert Chalmers has observed numerous drumlins on the 
ea.sl side of lake Utopia and between the Magaguadavic and St. 
(^roix rivers in Charlotte*, the most southwestern county of New 
Brunswick.* Under the name ** whalebacks.' Mr. G. F. Matthew 
describes these an<l other drumlins in the southern part of this 
province on an area (»xt(»nding from the St. Croix alM)ut 00 miles 
east to Upham townshij). t 

Drumlins are reported in Maine by Prof. George H. Stone, the 
lenticular type prevailing in the western part of the state, while 
toward the east they also take the form of long ridges. In size 
and numbers, liowever, they are described as inferior to the drum- 
lins of New Hampshire. Massachusetts, and New York.J 

The earliest mapping of drumlins in this country was done by 
the writer in 1878, under the direction of Prof. C. \\. Hitchcock, 
for the (fcological Sur\'ey of New Hampshire.^ Nearly 700 
drumlins were noted in the southern half of this state, besides 
about 175 lenticular slopes of till. Farther north in New Hamp- 
shire* such accumulations are absent or very rare. Some 130 
drumlins in adjacent portions of northeastern Massachusetts and 
southwestern Maine were also noted on this maj). The most im- 
portant feature of the distribution of the drumlins in New Hamp- 
shire is their occurrence chiefiy upon three belts which vary from 
5 to 20 miles in width and extend 25 to 30 miles from northeast 



*Geol. and Nat. Hist. Survey of Canada, .Vnnual Report, new series, 
vol. IV, for 1888-89, p. 23 N. 

tGeol. and Nat. Hist. Survey of Canada, Re])ort of Proi^ress for 1877- 
78, pp. 12-14 EE. 

^Proceedings of the Boston S(K*iety of Natural History, vol. xx, 
1880, p. 434. jProceedings of tlie Portland Society of Natural History, 
March 11, and Nov. 21, 1881. 

§6eology of N. H., atla.-? and vol. iir,1878,pp. 285-309, with heliotype. 
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to southwest. Those tracts are separated by others of e([ual or 
jrreater width upon which scarcely any drumlins are found. 

Profs. Shaler. Wright, Hitchcock, and Davis, and the present 
writer, have dc8cril)ed the drumlins of Boston and neighlK)ring 
areas, where they are admirably developed.* During the years 
1890 to 1892 the drumlins of the entire state of Massachusetts 
have been mapped and carefully studied by Mr. George H. Bar- 
ton, under the direction of Prof. X. S. Shaler, for the United 
States Geological Survey. Their total number is found to be 
about 1,500, counting, as in New Hampshire, the separate rounded 
summits of compound drumlin aggregations, where two or three of 
these hills, or sometimes more, are merged together at their bases. 

From the vicinity of Spencer, Mass., a series of abundant 
drumlins, according to Davis, extends south to Pom fret in north- 
eastern Connecticut. They probably also occur plentifully in 
other parts of this state, reaching southward to Long Island 
sound; for Round hill in Orange, near New Haven, described by 
Prof. J. D. Dana, appears to be a drumlin. t 

New York has a magnificent area of drumlins, perhaps the 
most interesting in the United States, which stretches more than 
60 miles from Syracuse westward nearly to Rochester, lying Ix^- 
tween lake Ontario and the -'Finger lakes. '+ These hills are well 
seen along the New York Central and West Shore railroads. 

*N. S. Shaler, "On the Parallel Ridges of (4iaeial Drift in eastern 
^lassachusetts," Pnx^eedings, Boston Societ\' of Natural History, vol. 
XIII, 1870, pp. 196-204. Illustrations of the Earth's Surface: Glaciers. 
1881, pp. 60-63. U. S. Geol. Survev. Seventh Annual Rept)rt, for 1886, 
pp. 321-2: Ninth Annual keiM)rt, for 1888, pp. 550-1. 

(i. F. Wright, Proc., B. S. N. XL, vol. xix, 1876, p. 58, and vol. xx, 1879, 
p. 217. The Ice Age in North America, 1889, chapter xi. 

C. H. Hitchcock, '^Lenticular Hills of Glacial Drift," Prw., B. S. N. 
H., vol. XIX, pp. 63-67. 

\\. M. Davis, Illustrations of the Earth's Surface: Glaciers,text de- 
scribing Plate xxiv. Pr(X»., B. S. N. H.,vol. xxii, 1882, pp. 34, 40-42. 
"Drumlins," Science, vol. iv, pp. 418-420, with illustrations, Oct. 31, 
1884. "The Distribution and Origin of Drumlins," Am. Jour. Sci., Ill, 
vol. \xvni. pp. 407-416, Dec, 1884. 

Warren Upham, "(41acial Drift in Boston and its Vicinity," Proc, B. 
S. N. H.. vol. x\. 1879, pp. 220-234: "Marine Shells and Fragments of 
Shells in the Till near Boston," Proc, B. S. N. H., vol. xxiv, 1888, pp. 
127-141, also in Am. Jour. Sci., III., vol. XXXVII, May, 1889. 'The Struct- 
ure of Drumlins," Proc. B. S. N. H., vol. xxiv, 1889, pp. 228-242. 

+ Am. Jour. Sci., HI. v<»l. xxvi. 1883. ]>p. 357-361. 

iL. Johnson. "The Parallel Hills of western New York," Trans., N. 
Y. Aeml. of Sci., vol. i, 1882, pp. 78-80; Annals, do., vol. 11, pp. 249-266^ 
with map. 

D. F. Lincoln, "Glaciation in the Finger lake region of New York, 
Am. Jour. Sci., Ill, vol. xi.iv, pp. 290-301, Oct., 1892. 




Noiir (Uyde and LyoiiH u considerahlo proportion of thiMii wvv pro- 
longed in ridgos which rise with steep sides to sharply narrow- 
crests, having lengtlis of two, three, or several miles from north 
to sonth in parallelism with the glaeiation of the region. With 
these are many other drnmlins having the typical lenticnlar con- 
tour, from which all gradations are seen to the prolonged sharp 
ridges. Another an?a of drnmlins. occurring in less profusion 
and presenting only the lenticular form, lies between Athims and 
(^irthage. in Jefferson county, between the east end of lake On- 
tario and the Adirondacks. * 

In the drift-covered northern part of New Jersey drnmlins are 
probably infnnpient, only two examples being mentioned by Prof. 
R. D. Salisbury in his recent i)reliminary pajK'r on the Pleisto- 
cene formations of that state, t 

No drumlins have been found in Ohio, ln<liana. and Illinois, 
by Mr. Frank Leverett,Prof. (J. F. Wright, and others, who have 
thoroughly examined that area, mapj)ing its terminal moraines 
and other drift deposits. 

Next northwestward, however, drumlins are again encountered in 
great abundance and variety in the east part of Wis<*onsin. Professor 
Cham berlin, describing these and other till accumulations and the 
known areas of drumlins. in his achlre.ssas vice president of Section 
K of the American Association in 1SS6, wrote as follows: 

.Somewhat allied to the true moruines are the s])ecial forms of ug- 
gregati«)n t)f the sub^lacial drbris, <»r — interpretation aside — of the 
great sheets of till. Tln\v present a richness of varii'ty and of inter- 
gradation that almost defy classitication. Tln' list of forms end)races 
('/) till tumuli; (/>) niammillary and lenti«*ular hills ; (<*) elongated 
parallel ridges trending with the ice movement ; (f/) drift billows akin 
to the above but witlioul individual symmetry or discernible parallel- 
ism of axes or (h'finite arrangement, giving a smoothly unduiatory 
cont(»ur to the surface ; (» ) crag and tail ; (/) priM-rajj and combings; 
(//) veneered hills, and a great rrsidual congeries of irregidar emboss- 
ments and un<'la!^sitiablc till hills. The most renuirkable are the 
mammillary. lenticular, and «»longated ridges, now frequent ly included 
under the term drumlins. which havi* become subjects <»f special in- 
(piiry. These hav<» a tine development in southern New Hampshire, 
central an<i I'astern Massachusetts, northeastern (-onnecticHit and 
Nova Scotia, in all of which tin* elliptical or h'litit'ular varieties pre- 
vail. They have a still more nMuarkable development inciMitral New 

*Bulletin,(icol. S(m'. of America, vol. iii, 1892, p. 142. 
+<Teol. Survey of N. .1.. .\nninjl Keport for 1S91. p. 74. 



York, ttlieri' till" cliiiiKiiH'*! tj pe pn.'<lciiiiiinitcs. Tlii'y luivii iiti (.■veii 
iTiori' VMrii-d (Icveliipiiifnt iri cnsWrn Wiscoiisiii. c.vieiKliinr inlollie 
norrheni pptiitisiila of ^lii'lii^iitt. wiinrc nil viirii-ties. frimi till tiinuili 
to tlie i-xfreiiiply clotifrnh'd ridKe;*, nri' ulniii(iHiirl)* dpvelnpcd, the 
iiiimbpr of individiiiils bcmj; pmbalily iicit los^ thiin 5JKI0. Aboiir 
l.iHM) driitiiliiit! have Itppii ninppfd hi Xew IlHinpshiri'. iilmut 1.21'ki in 
Wisci.iisiii, niiri large numbers in ^MB.-sitchiisftCs and -Vew Y.irk. T]i^ 
totnl iininl>er withhi iirt'iis iilrfndy known prohablj- n(f(irt'(£iitfs lit,i"i<i. 
Th.w arc ahiiiHt wholly fMiitinpil t<. thi- iir^ii of hit.-r liriri* 
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Close, Jaiucw lleikie, and others. It seems jirobable that tliey 
will also be fonnd lo have a i^oiisidendile development in iiurtLen) 
(Jprinany and Northwestern iliissia. On lite north and west si<ie 
of the Itallic Sea, however, iti the region where the Kurojifall iif- 
shi'i't was thifkest. they are infrei|Uf'nt or altogether iilist>nt, iie- 
I'oriling to Haron dr lieer. wIhk in esciirsiomi with me ayoar ago 
lo see Ihe dnimlins in tile vicinity of lioston. stated that no sim- 
ilar hills of till have been c)li:^erv(>d by liiiu iu his exteiiaiv<> ex- 
iiniinatioii of the 'Irift fonnalions of Scamlinavia. 

till forming the dnimliiis invariably exhibits the chamct«ristic 
features of siibghiciid lill or gi-ounil nioruine. excei)ting its super- 
ficial portion wliioh was eiighioiai and siiperglachil when the ice- 
sh.et inilteil iiwav. I Many lMnd<lers, whioli are eommonly strowii 
]ilentirnlly on the surface of the dninilina, appeu to tuve fallen 
upon them from the receding ice-slwet, together witli si atratiim 
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im one foot to a few feet in depth iicnr 

< 10 to 15 foet thick on the tops aod 

1 ill NfW Hampsliire. This upper part of the 

rely soft und easy to (li«, while its main portion 

ict that it must be pickwl and 19 far mon' eipeii- 

Thc prolmble eanso of the contrast in bard- 

e of the ice-sheet upon the lower till during 

lation. while tlie upper till was contained in the ice and 

«ely Ht its melting. Occasionally a thin layer of aand 

[tiies lietween the englacial and nubglacial till, as on tlic 

! dninilin nttmi^d Convent hill in tfomerville, Maan., 

upper .^ feet of the till, forming; the surface, are iindor- 

g ftn observed distance of Meveral iwis by a bed of saud 

Q 3 feet thick. 

till IB further dialing 11 in bed from tiiat which wtia 
S' dropi>ed from the departing ice by its smaller rock frag- 
, which are mostly less than two feet in diameter, and 
etiAios consitst only of pcltblcs, cubbies, and small Ixaddors 
1 exceeding half this Hiz<', though often it also contains large 
tdnlders; by the glacially worn faces of many of these stones, 
irlllch are frequently marked with striie; and by traces of a pe- 
Urly bedded stnicturi.-, in iiamllelisiu with the silrface. The 
b feature is especially chanictc'ristic of the till in driimlin», 
excepting its npper few feet. Althongh iNinhlers, gravel, sand 
and clay are thoroughly commingled, the deposit is imperfectly 
laminated und tends I0 separate and crumble into thin Hakes. 
This is frrapiently noticeable in a fresh excavation, but is most 
distinctly awn after a few weeks of eximsunv It shows that the 
ice in its passage adde<l new material to the surfat^of the ground 
moraine, which generally lay undisturbed Iten'iith. 

To a deptii that commonly varies from :> to Hi feet on low or 
moderately undnlatbig tracts, but is often 1» to i^U feet or more on 
the dmmlins. the etdorof the till is yelhiwish gray or buff, while 
at greater depths it ix a darker and blinsh gray. This difference in 
color is due to progressive weathering, the in tluenci! of air and water 
apon the iron contained in the till having changed it in the upper 
part from protoxide combinations to the)iydrousses(|uio.\ide. On 
low tracts the weathering of the till is often limited to its compar- 
fttively. loose englacial portion, but it has generally extended be- 
joncl into the anbglacial till of the dmmlins and lenticular slopes 
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My observations of the sections of drunilins. before mentioned, 
forming Tliird and Fourth Cliffs in Scitiiate, Mass., and islands 
in Boston liarl)or, and the prevailing trends of the drumlins near 
Boston in parallelism with the latest deflected glacial currents, 
convince me that these hills were somewhat rapidl}' heaped up 
l>eneath the retreating ice-sheet within a few miles back from its 
margin. Peculiar dark bands, evidently representing successive 
stages of deposition, were noted in the till of the northern part 
of Third Cliff.* Their number is seven or eight, each six to twelve 
inches thick, varying from one to three or four feet apart, continu- 
ing separate along an extent of about 200 feet, with no branching 
or inosculation. The portion of the till thus banded has a verti- 
cal width of 15 to 20 feet and a dip of about Ave degrees north- 
ward, being included between 20 and 45 feet a]x>ve the sea. It 
is more inclined than the overlying surface of thedrumlin, which 
is there about <)0 to 55 feet al)ove the sea, or than even the steep- 
est slope of the surface farther down. No stratified la^'ers or 
seams of m<Mlified drift occur in the bandeil part of the till, which 
is nearly like the remainder of the extensive deposit of till in 
this section, excepting that it has somewhat more sandy and 
porous layers alternating with somewhat more clayey and there- 
fore impervious layers, the latter being noticeable because they 
retain the moisture more persistently and have a slighth' darker 
color. But no definite line of demarcati(m separates these layers, 
there being instead a gradual change which occupies a thickness 
of several inches. Bouldei"s and gravel are indiscriininately 
mingled through the whole mass, which is the ordinary liouUler- 
clay or till; and these alternations in the pro|)orti<ms of clay seem 
pi-oba])ly attributable to the slightly varying conditions of alter- 
nating summer and winter, affecting the rate of motion of the 
ice- sheet and its tendency to deposit it« ground moraine on the 
surface of the drumlin. If this is the true explatiatiou, the 
yearly addition of till to that part of the secticm averaged 2 or 
2J^ feet, and the ac(uimulation of the entire drumlin of Third 
Cliff recjuired probably not more than 25 or 30 years. 

Though such banded structure, approximately parall^l with the 
surface, has not been found in the drumjins of New ^ampshire 
:ind inland parts of Massachusetts, nor even of the vicinity of 
Boston, excepting within close proximity to the sea, it is yet fn*- 
([uently <>bservable in the drumlins of the islands of Boston liar- 



l)or. For exampiC) it is finely developed in the clitf forming the 
northeast end of Fcddock's island, where five or six such bunds 
are separated by intervals that vary from three to six feet; at the 
southwest end of Long island, where a single dark V)and aljout 
half way up the cliff, or 30 to 40 feet al>ove the sea, extends 
fulh' 400 feet; and at the south end of Spectacle island, where 
two dark bands six or eight feet apart are distinctly seen along a 
distance of at least 150 feet at a similar elevation above the sea 
and lielow the top of the cliff as on Long island. In all these 
sections, as in Third Cliff, the dark bands have anticlinal dips, 
which are somewhat more inclined than the overlying arched 
surface. 

Ver}' rapid accumulation of ground moniine is shown by Fourth 
Cliff, for thatdrumlin, soon after the beginning of its formation, 
received a wedge-shaped deposit of true subglacial till, increasing 
from nothing to six feet in thickness along its exposed extent of 
alnmt 100 feet, laid down on the southern slope during a small 
IMirt of the time, probably onl}* one summer, if so long, in which 
the central portion of this hill wa^ being formed by the subglacial 
de))osition of 10 to 20 or 25 feet of stratified sand and gravel, 
which in their continuation southward enclose the wedge of till. 
Under all this modifie<l drift, the base of the section at its center 
is a low dome-shaped de^wsit of till, which, like the thick arch 
of till forming the upper and outer part of the drnmlin, is 
divided from the modified drift by a well defined line with which 
the obscure lamination of the till and the bedding of tht^ sand 
and gravel are parallel. No evidence of (»rosion, nor of tumul- 
tuous pushing forward, was anywhere seen; but instead the whole 
Hection appears to represent continuous de|)osition. The very 
harti and compact condition of the till, and its characteristic 
flakiness, which I have sp<3ken of as lamination, lK)th below and 
above the modified drift and in the enclosed wedge, indicate that 
it was deposited as a ground moraine beneath the pressure of the^ 
ice-sheet, instead of as englacial till falling loo.sely from the ice 
when it melted. The conditions leading to the accumulation of 
the basal till were followed by such as caused the modified drift to 
Ik? spread over it, the latter apparently reciuiring no longer time 
than a single summer or the portion of the year attended by 
abundant ice-melting; but on the southern slope the depositicm of 
this sand and gravel was for a short time interrupted while the 
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wedge of till was being amassed. Subsequently the accumula- 
tion of till began again over all the dome of sand and gravel, and 
continued thenceforward until the formation of the hill was com- 
pleted and th(» overlying ice disappeared. 

In addition to the evidence in the structural features of the 
drumlins, indicating that they were accumulated rapidly during 
the closing stage of the (irlacial period, a strong argument toward 
the same conclusion is afforded ])y the [>revailing east-southeast 
trend of the longer axes of these hills about Boston, while the 
striation on the bed-rocks is mostly south -southeast, the difference 
between the two courses being forty-five degrees. Recent exam- 
ination of the glacial strije in the city of Somerville, however, 
lying next northwest of Boston, shows that, besides their com- 
mon south-southeast courses, they are in man}' localities deflected 
to the east-southeast and even sometimes to due east. Elsewhere 
in all the districts characterized by abundant drumlins in this 
country and the British Isles, their longer axes and the striie are 
parallel; and it seems sure that both were determined by the cur- 
rents of the ice-sheet. Their difference in direction in the neigh- 
borhood of Boston I believe to be due to a deflection* of the mo- 
tion of the ice there <luring its final melting. Through the time 
of its maximum thickness and extent the ice-sheet moved south- 
southeastward across this area, and reached to the terminal mo 
raine of Long lslan<l, Block Island, Martha's Vineyard, and Nan- 
tucket; and onward the course of its border was probably east- 
northeast along the submarine plateaus of the Fishing Banks. 
But when a mild climate began to cause the glacial boundary to 
recede northward, the melting probably advanced faster upon the 
area of the gulf of Maine than upon southern New England, so 
that the ice- front became indented by a deep embayment east of 
Massachusetts, toward which the latest currents along the coast 
were deflected. The formation of the drumlins about Boston 
seems to have taken place wholly during the time of deflected 
glacial niovonients, the ground moraine being massed in these 
hills on account of inecjualities in the force and direction of the 
overriding ice-sheet, when its receding border was probably only 
a few miles distant. Farther inland throughout MassachusettB, 
Mr. Barton finds the trends of the drumlins prevailingly paxftUdf 
with the striation, but with occasional exceptions where the lo^gpf 
iixes of drumlins vary much from this course, probably 
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of sniiill indentations in the glacial boundary and consequent 
divergence of the latest ice-motion from its previous direction. 

If the dark bands noted in the till of Third Cliff, Peddock .s 
island, and elsewhere, are marks of accumulation in successive 
years, which seems highly probable, the drumlins of Boston and 
vicinity received, at least in some instances, from one to six feet 
of till yearly deposited over their whole surface, so that the ac- 
cumulation of these hills to their hights of 50 to 150 or 200 feet 
ref[uired only from two or three decades to a century of years. 
Indeed, where they exhibit no such banding, I have thought that 
sometimes their entire formation may have been more rapid, so 
that the most massive drumlins, like the largest esker ridges, were 
probably deposited in so short a time that their beginning, growth, 
and completion would occupy considerably less than a man's life- 
time. The drumlins appear to have been heaped up beneath the 
ice-sheet within a few miles back from its margin, or perhaps oc- 
casionally within even less than one mile, as seems to be suggested 
by Mr. Barton's observations. Where they are scattered over any 
extensive area, probably they were not all in progress of deposi- 
tion contemporaneously, but were successively accumulated as the 
ice- margin retreated. 

Quest iona vni\ri'riiuiy the Art ion nf the, Irv-slurt. — While some 

steps of progress seem to be gained by the foregoing observations 
and discussion, here abridged from my latest paper on this sub- 
ject three years ago, toward a knowledge of the manner and time 
of deposition of the drumlins, the questions as to how the ice- 
sheet could amass these hills, and why they are distributed in 
abundance upon some districts, but are absent or represented only 
by a few examples upon other large areas, remain to be answered. 
Their distribution, however, is to so large a degree independent 
of topographic features, and of the character of underlying rocks, 
that the explanation of their origin and grouping appears moro 
likely to be found in variable conditions of the glacial movements 
resulting from secular climatic changes during the final melting 
of the ice. 

ProBAHLE AcTUMlTL.VnoX OF THE DkUMMNS FROM EnOLACIAL 

Drift. 
Ohjrctioits to fornvt'i' Thenrus. — Several theories of the way in 
which the ice-sheet produced the drumlins have been suggested. 



352 . Tfte AiH«i-ict/t) Gtyi/i/giitf. uecvmiMr. ii«k 

Till- earliest whs l>y Slialer in IHTU, who siii>p<i3e<l tliosu bills in 
the vicinity of liostnii to be rciniiunts spared from the fluviatile 
urn) tidal emsion of a ODce contimions ehoet of drift, nbich bad 
lieeii containc<l in a trlaeior that descended the Charles river vallej\ 
Hi« lator view is similai-. but attributes tbe very thick drift sheet 
of this hypothesis to deposition during tbe earlier of two ei>ocbs 
of ^laciation. and its erosion partly to sea and river action diiriDg 
an intei^lftcial ep<ioh, but mainly, for the [leculiar sculpture of 
the drumlins, to excavation and removal of the drift from all tbii 
intervening areas liy the later glacintion. To accord with this 
view, however, tbe terminal moraines of tbe later ice-slieet mnst 
vastly exceed their very moderate observed volume. Another 
ol>jeclion. [winted out by Salisbury, is that the drumlina appear 
to l>e comivist'd wholly of the newer drift. 

Hitchcock and Wright have thought the drumlins to !k' perhaps, 
the material of terminal moraines swept over and massed in these 
peculiar forms by subseipient farther advances of the ice-sheet 
If this view well' true, the till of the drumlins could not have its 
nearly uniform character, but would contain here and there re- 
markalile UKgre^ilioiis of boulders, and frt^uent irregular eu- 
elosnres of sand and gravel wonid l>e found, representing tbe 
kame de|Mtsit» and lenticular IhhIs of modified drift which so 
cominouly make up considerable [larts of the terminal moraines. 
!*alisbury remarks that neither the distribution nor tbe composi- 
tion of the drumlins seems to favor this hypothesis, and ho there- 
fore believes that they were liuilt up bene^itli tbe ice, not iieing 
fashioned from hills overridden by it. 

Mr. ('lai-en«' King and Hitjf. J. D. l>ana have conjectured that 
the drumlins, at Icasl in some cases, were made by superglaelal 
Hti-eams, charged with drift, pouring thnnigh cn^vosscs or a moulin 
to the land surface, there deiH>siting their drift, which afterward 
by the onflow of tlie ice would be subjected tu its pressure and 
sculpturing. This explanation li<>s under similar objections with 
tlie lust. 

Kinaliiiii and Close in Irehinil. I'n»f. James (icikie in ScotUnd, 
and H.ivis and Salisbury- in this country, kH>k on the dnimliDS u 
analogous U> Ihe sand bni-s of streams. Professor DftviH writes: 

III \\f\\ III' till' irri'triLliiritj- of tlie surface on wliieli the ii 
iiii>M-(l, and rif ilic ari-ater weiiknesn of some rooks Ihnn 
niiisl sii|>|>'>si' iin irrcKiiliir velocity in the niotkin of tb« 




Acann nhifion of DrninUnH, — I'pham , 353 

iineciual dint ribiit ion of the rubbish beneath it. If the faster motion 
at one place causes an excess of erosion there, the sh)wer motion at 
anotiier place nniy bring about an excess of deiiosition. Tliis differ- 
ence of acti<m is known to prevail between the central and marginal 
parts of glaciated areas ; and the hx'al accumulation of drumlins in 
an intermediate region gives a smaller example of these two parts 
played by the ice. If the causes of the irregular motion of the ice 
lie in the general form of the country, the Iwation of faster and 
slower currents will be relatively permanent ; the districts of faster 
currents would be found where the greatest volume of ice is allowed 
to pass, and some of the points of retardation may be the seats of 
long continued drumlin growth.* 

For accordance with this theory, the ureas bearinji: drumlins 
should l)e determined chiefly by the topography and rock forma- 
tions, which, however, seem to have exerted little influence. The 
rapid accumulation of the drumlins appears also inconsistent 
with the belief that they were mostly supplied from drift immedi- 
ately before eroded from the land surface and transported by sub- 
glacial dragging to its place in these drift hills. 

The origin of the drumlins may be l>etter understood, or at 
least to the writ(»r it seems more intelligible, if we inciuire how 
the drift which had b(»en englaeial until the time of departure of 
the ice would be deposited. 

TnmsiHti'iiitkoii of Drift into tlir /(unr jtrirt of' tlw, Irf-sltfct. — 

Tt is evident that the ice-sheet in its passage over a mountainous 
or hilly country must gather much drift into its lower part, to as 
great hight as the altitude of the mountains and hills, by grind- 
ing off and plucking away detritus and blocks of rock from these 
eh»vations. thence carrying them forward enclosed within the ice 
many hundreds of feet, and in tlie lee of the Whit<% Green, and 
Adirondack mountains even thousands of feet, above the ground. 
But it has seemed to .some geologists difficult to account for the 
transportation of much drift into the ice from moderately undu- 
lating or plain districts, «uch as make the greater part of the 
drift-bearing areas of our continent and of Kurope. On these 
nearly flat lands, however. I find at localities in Minnesota and 
Manitoba good proofs, as they seem to me, that the thickness of 
the englaeial drift was sometimes as much as forty feet near th(» 
ice-border when* it was amassing prominent terminal moraines, 
and on lines or belts where confluent ice-currents met from broad 



*Am. Jour. BoL, IIUHSllll^in, ]). 415. 
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regions on each side.* Similarly in England, according to the 
observations of Mr. G. AV. Lamplugh, a confluent ice-sheet flow- 
ing from Scandinavia and Scotland was pushed up on the York- 
shire coast, bringing much cnglacial drift, with marine shells, 
which it had eroded and gathered up from the shallow and almost 
level basin occupied before the Ice age and again afterward l)y 
the North sea.t 

The manner in which the ice gathered drift into its basal por- 
tion from any plain tract seems to me explainable by a consid- 
eration of the currents of outflow toward its border. In the cen- 
tral area of the ice-sheet the currents of its upper and lower i>or- 
tions probably moved outward with nearly eipial rates, the upper 
movement being slightly faster than at the base. Upon a 1>elt 
extending many miles back from the margin, however, where the 
slope of the ice-surface had more descent, the upper currents of 
the ice, unsupported on the outer side, would move much faster 
than its lower currents which were impeded V)v friction on the 
land. There would be accordingly within this belt a stix)ng 
tendency of the ice to flow outward with somewhat curved cur- 
rents, tending first to carry the onwardly moving drift gradually 
upward into the ice-sheet, and later to bear it downward and de- 
posit it partly beneath the edge of the ice and partly along the 
ice ])oundary. 

Ablation cansimj Enyhivlal Drift to Iteconw JSuperfffarifil. — 
Whenever the warm climate terminating the Olacial period ex- 
tended unchecked through many years, the depth of the ablation 
or superficial melting of the outt»r part of the ice-sheet was 
probably not less than 15 to 25 feet each summer, as has been ol>- 
served on the Muir glacier in Alaska^ and on the Mer de Glace in 
Switzerland. ^ At such rates of melting any district enveloped 
by ice 2.000 to 4,000 feet thick, as was true of the central {yor- 
tions of New England and doubtless also of a broad belt thence 
west to the Laurentian lakes and to Minnesota and southern 



♦(reol. and Nat. Hist. Survey of Minnesota, Ninth Annual Report, 
for 1880, pp. 322-326 ; Final Keport, vol. i, 1884, pp. 603, 604. Geol. and 
Nat. Hist. Survey of Canada, Annual Ke])ort, new series, vol. iv, for 
1888-89, pp. 38-40 E. 

+(iuart. .lour. Ueol. Society, London, vol. \lvii, 1891, pp. 384-431. 
with maps and sections. 

*11. F. Kcid, in National (ieographic Magazine, vol. iv, pp. 31,38, 
March. 1892. 

oTrestwich's (leology, vol. i. p. 176. 
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Manitoba, would be uncovered in one or two centurieH, and lli*» 
recession of the glacial Ixmndar}' would average pn>bably a liidf 
mile or more yearly. 

During any long series of years when tlu* iee-HJieet was bi'ing 
thus rapidly melted, its outer i>ortion to a distance* of probably 
twenty miles from its boundary, being reduced by ablation to a 
thickness ranging from 100 feet and less upward to ],0(M» feet, 
would l)ear on its surface, especially in i\w valh^ys and hydro 
graphic Imsins of its melting, much drift whicrh had be(»n b«*fore 
contained in the higher part of the ice. Only scanty enghicial 
drift mainly consisting of iKiulders )K>rne away from hilU and 
mountains, api>ears to have exisU^d at altitud(*s exc4*i*ding 1.000 
or 1,500 feet: but all the lower ice prolmbly conUiined an iiicreas 
ing proportion of <letritus and lM>ulders which had )M*en Urouichi 
\nU) it from 1k»1ow by the upward movements due t<» fasUfr flow of 
the central and uppi;r glacial currents than of ilumt' r4?tardtf^l by 
friction on the grvMind. The thinm^Uiorderof the ice-sheet iijKin 
the l)eU having a remaining thickness of hfss than 1,000 fe^d 
would therefore lKfC^>me covererl with drift, as Kuhm'II ban de- 
scribed the lionlers of the Malaspina glacier or ie^'-shi-et. whi^'h 
.stretches from the Mt. St. Klias range to the r^cean* 

Si nit MM of Sitftf-rylnriiil iPrifl wr/z/A- aqaln Kmfi*t^ifi^ ^*fl *»*' 
rrt-nt^iJ SHtnrJall antl Ay AtlmtUt of lit*- lh't*k» r intflioii of tltt Jt t 

$hfft, — At many times the general n-r-^-n^i^fn of the ut'-nSw*'^ wa^ 
temporarih' interrupUrrl. The n-tiim of a prevailingly ^-old ^li 
mate for several der-a/l«-« of \t^r%. or rir-*'a«»iofiallv. a* nt- M*ay 
supposwr. for a ^-••ntfjr\- or UKrre. bn>rjght inen-aH^-^l^fi^'wfaH' i»hkh 
sufficed to hold the irr*- U'undary nearly utalioiwn. jMrtii*!^ fre 
qaently fin»i baling po^b^- 1 it again a fffmuU-w^fr di-ftJ»n/'e for 
ward. Tb#^ thi^-sc U-*- lyinsr far Jioek from tw- '0ffr*\^ ni»y th^'ii 
have Hfpwfrf] ov*-r [r.^ prf-vifKi^^iv thin and drif' /•^/^^f-'l '^o-^'r '-^-^^ 
aidins; with r.h^ n^-w ^n/^wf*!: ttr #'riveio|f«' fU*- ''i^f'*- ^ojn^ifi »''>*! 
drift *lnf.iim within rh/f-. [ff ^ttf-^l Tb*-^- lr»A-**"r r*-J»^l9af^'<^ »f 
th*r fron: >,t u,*- >t^ j^,.^| .^ ri*-ar:v ff,u^f^ni \fft^^^\^ft. *\ur\uii *^ *T*i 
year*, ^.^rram*- manicr^l o-, >rm.rwk: uv*ft%\u^ 'f* wbi/h \ »*a-^ 
mapfi^ ;k ^T.^. of -.^v*m r. f^.,^iy\\v**- *iV\^ U'^u ^^'*t\ u. 
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Leverett has tmetMl u still larger number through lllluois, Indi- 
ana, anil Ohio. With the increased thickness and steeper gradient 
<)t the outer bt»lt of the ice-sheet while the recession of its 
lM>undarv was shiekened, wholly stopped, or changed to a re-ad- 
vance, due mainly to very abundant snowfalls, much drift which 
had been formerly exposed on the ice surface would become again 
englaciah so that a stratum of drift several feet thick might be 
-enclosed in the ice at an altitude increasing inwanl from less than 
50 feet to 5(M) feet or more. 

/fv (him-ntx iihikhIhij thf Eniflavial Stiuitinu into DnnnlinH. — The 
upper current of the thickened ice above the englacial l)edof drift 
would move faster than that drift, which in like manner would 
outstrip the lower current of the ice in conUict with the ground. 
Close to tlu» ghicial lM>undarv, whether it halted and even re-ad- 
vanced or merelv its retreat was much slackened but did not en- 
tirely ce^se, which last seems probably to have been the case 
with the drumlin areas of Massachusetts and New Hampshire, 
the upper part of the ice must have descendc^d over the lower 
part. This ditfereutial and shearing movement, as 1 think, 
gathercnl the stnitum of englacial drift into the great lenticular 
nuiss(*s or sometimes longer ridges of the drumlins, thinly under- 
lain by lee and overridden by the upper ice flowing downward to 
tlu» boundary and bringing with it the formerly higher part of the 
drift stratum to l»e added to these growing <lrift accumulations. 
The courses of the ghicial currents and their convergences to the 
plae(»s occupied by the drumlins were apparently not <letermined 
so much by the topography of the underlying lan<l as by the con- 
tour of the ice surface, which under its ablation had become 
sculptUHMl into vall(\vs. hills, ridges, and peaks, the isolation of 
tli<* elevations by de(»p int«»rvening hollows being doubtless most 
<*onspicuous near the ice-margin. 

In New Knghind, on account of the absence or extreme rare- 
ness of any l>eds of nioditied drift which give evidence of having 
been covered bv n re-advance of the ice, the till of the drumlins. 
a(M'ording to this view, appears to have been collected in its pres- 
ent masses in the basal part of the ice-sheet, while a moilerate 
thickness. ])robably seldom more than 50 or 100 feet, of ice lay 
l)cneath. Over the drumlins a somewhat greater thickness, per- 
haps varying from 20(» to 500 or 1.000 feet, of ice formed largely 
from the snowfalls of recent years or the immediately preceding 
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centurj or more, with probabl\' much ncUlitioii from the thick, 
inner part of the ic<»-8heet, containing, from whichever source, 
little or no drift, passed and moulded these hills in their smoothly 
oval, or round, or elonfjated forms. 

It is thus readily seen why the amount of finally entjlacial drift 

ft • fc* r^ 

upon the surface of drumlins is usually less than on intervening 
tracts of low ground and on those parts of the drift-bearing area 
from which the ice-sheet was more rapidly melted away. 

We can also understand why these accumulations are so fre- 
quently found capping the top of low hills of the bed-rocks, 
since these projected through the ice that lay beneath the super- 
glacial, and afti»rward again englacial drift stratum, and so were 
obstacles to favor an aggregation of tliat drift, either a« a com- 
ipleti* drumlin resting on the hill of rock, or as a lenticular slope of 
itill, of which abundant examples are found in New Hampshire, 
<*ollected on tlu» stoss or the lee side of the rock hill and occa- 
sionally in slopes of this form, covering lK>th these most exposed 
and most sheltered sides of the hill thickly and its intervening 
fianks thinly, with visible outcrop of the nK»k only at its summit. 

Powderhorn hill, in (Mielsea, Mass., one of the largest drum- 
lins near Boston, rising alM)ut 200 feet above its base, which is 
near the sea level, and having an (exceptionally elongated form, 
with the length of thn»e-(piart(»rs of a mile and one-fourth as 
great width, affords evidence* that a slight thickness of ice re- 
mained !>eneath it when it was accumulated. Extensive excava- 
tions, 20 to 40 feet deep, in each end of this drumlin consist 
wholly of till, with no trac<» of any bed or seam of stratified drift. 
In one of these sections, al)out 80 feet high, on the north side of 
its southeastern end, 1 obsc^rved a n(»arly vertical, irregular course 
of fracture, from one to six inches wide, filled with sand and fine 
gravel brought by jK^rcolating water, where this long hill had suf- 
fered a slight dislocation in sinking as the underlying ice melted. 
Such fractures, extending deeply into the hill, were also found in 
the construction of the reservoir on its top, which gave much 
trouble by leaking, until the bottom was made impervious with 
cemtMit. The till where not so fractured is water-tight, and 
numerous reservoirs on other drumlins near Boston have been 
free from this dittlcultv. The narrowness of Powderhorn hill, in 
proportion \^^ its length, probably caused it to sink more une(iually 
than most of th«' <lrumlins in this district. 
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On some other areas, and perhaps more commonly, drumlins 
may have been formed from the englacial stratum of drift during 
a time of re-advance of the ice-sheet, carrying the drift forward 
so that it would be accumulated on a land surface. This appears 
to have been the case in central Xew York, where Prof. W. M. 
Davis finds that the sections of drumlins frecjuently show strati- 
fied gravel and sand underlying the till, and that often the rela- 
tionship of these formations is such as to prove that the stratified 
beds were somewhat eroded before the dejjosition of the till. But 
the al)sence of such sections in Massachusetts and generally in 
New England makes it prol)able. as statt^d, that here the recession 
of the ice was continued, though with a much diminished rate, 
while the drumlins were being amassed. 

Revu'ir nf Ohjvvtiouti to this E;rpfanf(fion. — At first sight, this 

explanati(m of the accumulation of the drumlins appears to be 
opposed by two conspicuous objections, which must be answered. 
The first is the local derivation of much of their material. Where 
the peculiarities and restricted limits of the adjacent rock forma- 
tions on the north permit an approximate determination of the 
distances of transportation of the drift forming the drumlins, it is 
found that a large part, sometimes more than half, has been car- 
ried only a few miles. Tt seems suqn'ising that local material 
should constitute so important an element of the drift contained 
within the ice at considerable hights. until we consider how fast 
it would be uplifted by (»ven a very slight upward inclination of the 
basal cun*ent of the ice. If the drift eroded from any place was 
carried up with an average ascent of only (me degree, it would 
rise; within one mile, to an altitude of 92 feet al>ove the ground, 
and within two to three miles would be as high as the tops of the 
most prominent drumlins. Currents ascending at this rate, or 
even two or three degrees or more*, may very probably have ex- 
isted in the lowest part of the ice-sheet, on account of the accel- 
eration of its upper currents, within distances from 20 to 5(» miles 
or more back from its boundary. By these currents much drift 
eroded from tlu^ land surface would be gradually incorporated in 
the comparatively sluggish lower part of the ice, reaching alti- 
tudes 100 to 1,(M)0 f(H't above the ground within a few mih»s from 
its sources. 

When the l>oun(hiry receded, the upper currents of the outer 
belt of the ice. upon ii width of probably ten miles, would pour 
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<U)wn toward the open land, causing the deposition of much sul)- 
glacial till ; and whenever a stratum of the englacial drift became 
covered with much new ice, it would probably be aggregated en- 
glacially or altogether subglacially in drumlins. The drift that 
had been eroded and lifted into the lower part of the ice during 
many centuries might thus be rapidly accumulated in the drumlins 
during only a very small fraction of the time that had been required 
for its being stored up in the ice. Through such processes I can 
better undersUmd the origin of these prominent drift hills, than 
by any method that I am able to imagine for nearlj* contem|K)ra- 
neous erosion, subglacial transportation, and deposition of their 
till. Moreover, 1 find great difficulty in forming a conception of 
convergent basal currents powerful enough, in spite of their fric- 
tion on the land, to amass these hills; but the inequalities of con- 
tour of the outer belt of the ice. as irregularly thinned ))y ablation, 
may well have pnMluced upper and central currents of sufficient 
energy to 8wee[) the englacial drift stratum into irregularly 
grou]>ed and scattered or even solitary drumlins, when new ice 
and snowfields added a considerable depth over all the previous 
drift-covered surface of the ice sheet. 

The second objection alluded to arises from the abundance or 
frecpiencyof glaciated stones and boulders in the till of the drum- 
lins and from its compactness, flaky lamination, and other features 
which prove it to be subglacial till or ground moraine. If this 
drift was englacial during a considerable time and became massed in 
these hills beneath only a few hundreds of feet of ice, could it pre- 
sent so impressive characiteristics of subglacial accumulation under 
heavy pressure? To this (piestion we must reply that the stratum 
of englacial drift would be subjected to much wear of its bould- 
ers and smaller rock fraj'ments as thev were carried forward with 
shearing and sliding motion to the drumlin accumulations, and 
that in becoming lodged on the surface of the drumlins or on 
other and low deposits of subglacial till, they would be further 
striated and planed. The previously englacial drift in being so 
transported and deposited wx)uld acquire all the marks of ice- 
wear which the till of the (brumlins exhibits, and the pressure of 
500 to 1,000 feet, more or less, of solid ice flowing downward 
across it would seem adequate to produce its very hani and com- 
pact condition. We are thus able, as I believe, to account for all 
the differences between these deposits and the mostly unworn 
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drift which fell loosely on the surface from an englacial or super- 
glacial position when the ice disappeared. 

Comparison with Terminal Moraines, Kames, and Eskers. 
My study of the glacial lake Agassiz, under the direction of 
Prof. T. C. Chaml)erlin, for the United States Geological Survey 
and partly for that of Canada, shows that several large terminal 
moraines, marking pauses or re-advances inteiTupting the general 
glacial recession, were accumulated contemporaneously with the 
existence of that lake, while yet the whole duration of Lake Ag- 
assiz was apparently only about a thousand years.* The rapidity 
of formation of the moraines was thus similar with that of the 
drumlins, and l)oth seem to have been made possible only by the 
large amount of the englacial drift. The fast retreat of the ice 
indicates that probably its melting Ijorder then had usually a more 
steeply sloping surface than in its time of greatest extent to the 
south, and that consequently the rate of motion of the outer part 
of the ice-sheet was cimimonly increased during its final melting. 
Any pause of the retreat for even a few years would therefore 
form a moraine, thoucrh the out(»r belt of the ice may have l)een 
generally too steep to expose much superglacial drift. But dur- 
ing some stages of the recession we may conclude that consider- 
able tracts of the ice-l)order were so thinned bv ablation that 
much englacial drift became superglacial, with the result that 
when again a colder climate brought a temporary thickening of 
this marginal ice the previously superglacial stratum of drift was 
chieflj' amassed in drumlins. The known drumlin areas of New 
Brunswick and New England, New York, Wisconsin, and Mani- 
toba, would therefore be expected to belong to the same stages of 
the closing part of the Ice age. This would imply what seems 
from other reasons not improbable, that the outermost moraines 
in the states east of Ohio and on the east side of the driftless 
area in Wisconsin correspond to some of the inner and late mo- 
raines in the greater part of the region of the Laurentian lakes 
and the upper Mississippi, as perhaps the exeeptionallj' massive 
Leaf hills, Itasca, and Mesabi moraines, which are the ninth, 
tenth, and eleventh of the series in Minnesota. 

♦Geol. and Nut. Tlist. Survey of Canada. Annual Report, new series, 
vol. IV, for 1888-89, pp. 50, 51 E. Am. Geoi.ootst, vol. vii, pp. 224-6, 
April, 1891. 
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Again, my studios of the very massive kame deposits forming 
tlie greater part of the outermost terminal momine on Long 
Ishmd eastward from Roslyn, of the large kame eal led the Devils 
Heart, rising in a somewhat e<mical hill 175 feet alK)ve the adjoin- 
ing country south of Devil's lake in North Dakota, and of the 

» 

esker named Bird's hill, seven miles northeast of Winnipeg. 
8c»em to me to demonstrate*. l)eyond all doubt, that their material, 
and probably likewise that of kames and eskers generally, was 
supplied by superglacial streams from the plentiful englacial drift, 
and could not have been brought from drift U^neath the ice l>y 
subglacial drainage. 

View of tiik Ick Acje as One (iLacial Kwxmi. 
In conclusion, \ deem it a duty to state tliat this reference of 
the drumlins, terminal moraines, kames. and eskers, to rapid a c 
cumulation from [)reviously englacial drift during the departure 
of the ice, siK^ms to me bett(»r accordant with the view that the 
Ice age comprised only one great epoch of glaciation, attended by 
oscillations of the ice-l)order. than with the altermitive view which 
supi)oses the ice-sheets to have been at least once and [)erhaps 
several times almost entirely melted away, afterward being re- 
stored by recurrent glacial epochs. This belief in the unity of 
our glaciation I held during my work on the New Hampshire 
(Geological Survey in the years 1874 to 187S; but in my ensuing 
work on the surv(»y of Minnesota, the peat and forest beds en- 
closed between dei)osits of till in that region led me to accept the 
duality or plurality of glacial epochs as taught by (VoU, James 
Geikie, N. H. Winchell, Chamberlin, Shaler, Mc(iee, Salisbury, 
and at [>resent by most American glacial ists. The recent state- 
ment by Prof. (.r. F. Wright of the evidences for the unity of 
Quaternary glaciation as the more prolmble view,* expresses a 
similar opinion with that to which I have U^en gradually return- 
ing, during the i)ast year or longer, through the guidance of my 
investigations in this field. Moraines and drumlins are effects of 
secular vicissitudes of climate on the l>orderof the departing ice- 
sheet, wliich I think to have owed its existence to great altitudi*- 
of the land at the beginning of the (rlacial period, to have been 
attended when at its maximum extension and volume by depres- 

*"Unitv of the (ilaeial Kpoeli." Am. Jour. vSei.^ HI, vol. XLiv, pp. 
351-373, Nov., 1H9l>. 
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uidti of tlic lunil oil which it liiy, iiixl to have witnessed, duriug 
the H'treal and removal of its l(a(l, a progressivi; rc-elevatioii of 
the namv area tii its present hight. 

F<)r Kuroi)o, also, after rea<iing the n^ceiit very ably written 
article by Prof. James Geikie.* in whieh he argnes for five dis- 
tinct fpoclis foi' glaciation, I thiak tliat there, as here, it is more 
reasonabh- to refer the whole of the ghieial drift to a siagle glacial 
eimch.with moderat<' flnct nations in the extent of the iee-shects anil 
glaciei-s. In tlins ditfering from this eminent glucialist and from 
Walnischaffe in (Jcrmany, Penck in Austria, and DeGeer in 
Sweden, wlio are of the Humeopinion with (reikic, that there were 
long miUl intei^boial eiKtclis in Europe, I cume into agreement, 
on tliis question, with other distiugnisheil Knru]>ean glacialists, 
as Lamphigh in Kiigland, Fal»an in France, and Hoist in Sweden, 
who hold that tlie QiiHteraary reign of ice was essentially a unit. 
But this present state of our ili vision nnder the two opinions surely 
culls for much further observation and candid stndy that ulti- 
mately the truth may be eonhdeiitly known, oti whichever side 
it mav Ik'. 



THE GEOLOGIC STRUCTURE OF THE BLUE RIDGE 
IN MARYLAND AND VIRGINIA. 

Hv AitTiiiH Keith, olthpt.S.GeologirnI Siirvi>y, W«ahiiiBloii, D. U. 

In the following pages then' will lie discnssed the belt of rocks 
in Vii^inia an<t JIaryland, lying between the Slienandoah and 
(juinlierlaud valleys and the Pieilmonl plain. Att«ntion will 
be given rhiefly to their structural relations as they have l)een 
brought out liy rewnt discoveries of fiHtails. The t4>pographic 
features of the belt are in brief (1) the great limestone valley on the 
west. (2) the .Jura-Trias plain on the east, auil Ct) iwtween them 
the mountain l>elt which consists of the South Mt.-Bluo Iti<)ge 
chain and t'atoctin-Buil Run Mt. chain enclosing a broad level 
valley. Tlii> topography is the direct result of differential erosion 
among hard and soft rocks, and accordingly is a key to their areal 
distribution. The mountains are formed by BanttatoneB and the 
intermediate valley by granites and schists. In paasing north- 
w:ii-d tlin>ugh Maryland the granit« areas npidly Immd and dii' 
appear, and the valley (wntracta t^^ iiisit^niflciuit dimonsious. 

<*"Oii tli^Hliiciiil Siu-cewfion in Eiirnjif." Trims,. Koyal Society of 
Kdiiil.urKli, Vul wwii, |>|i. 127-149, >viili nm\>. Mny. IfiB-J, 
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South Mt. and Blue Ridge have been the subjects of numerous 
discussions in previous years, and publications concerning them 
have been made by Rogers Bros., Hunt. Fontaine, Leslie, Frazer 
and Geiger and Keith. All of these discussions have been based 
on physical evidence alone and have scarceh' brought out the com- 
plexity of the chain. 

In 1891 Lower Cambrian fossils were found in the Blue Ridge 
at Balcony Falls, Va., ])v Walcott, and in August, 18!)2, he found 
Lower Cambrian fossils at Mt. Holly at the north end of South 
mountain and in the rocks of York valley, in Pennsylvania. In 
the latter end of August the writer accompanied Walcott through 
the mountani belt in Maryland and Pennsylvania with the purpose 
of finding fossils, and establishing the age of the entire chain. 
Search was directed especially to the sandstom;s and shales form- 
ing the mountain mnges and was abundantly rewarded. One layer 
in particular, the topmost one, yielded fossils in greatest al)und- 
ane(» wherever tested. (The fossils will be described bv Mr. Wal- 
cott in the American Jouriml of Science for December.) Subse- 
quently the structure of the mountain belt was worked by the 
writer in this new light, from the Pennsylvania line southward to 
Thoroughfare <rap in Bull Run mountain and Front Royal along 
the Blue Ridge. Lower Cambrian fossils were found as far south 
as Manassas (lap in the Blue Ridge. 

The rocks of the mountain belt fall into two classes, sediment- 
ary* and igneous, each with several divisions. The igneous rocks 
will be fully descrilied in Am. J. Science for December, liy Prof. 
(t. H. Williams, and only briefly touched upon here. 

Broadly considered, the region is a broad anticline and succes- 
sively younger rocks appear east and west from the nucleus of 
igneous rooks. This arch is crumpled into several synclines and 
broken by faults that follow the mountain lines quite closely. 
The resultant structure is rpiite complicated, and there are very 
few places in which a normal and complete section can be found. 

Five types of sedimentary rock occur: (1) the Siluro-Cambrian 
limestone of the great valley. (2) fine calcareous white sandstone, 
(3) greenish gray sandy shales with thin sandstone beds, (4) mtiss- 
ive white sandstone in places conglomeratic with streaks and 
bands of black, (5) shale, usually black and slaty. As pointed 
oat by Geiger and Keith, these ty[)es occur in distinct bands fol- 
. towing the lines of strncture. The fine sandst<Mie caps a line of 
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knobs in a synclinal axis next the valley limestone: the massive 
sandstone follows the syncline of the main ridge; and between the 
two sandstones lies a slope or valley of shales. Southward from 
the Potomac the two sandstone types become very much alike; 
northwanl they diverge and their differences are accented. 

On structural grounds alone the two sandstones should be equal 
to each other in age as they occupy parallel synclines and the 
same shale passes under l)oth. 

On this h}TK)thesi8, the massive bed would represent shore accu- 
mulations and the fine sandstone the off-shore deposit. Even then 
the narrow limits of the change render it verj' abrupt. 

Organic evidence, however, does not bear this out. As has 
been stated, fossils were very numen>us in the fine sandstone 
and a few were found in the sandv shales. In the massive sand- 
stone and the black slaty shale Ixjneath it none were discovered. 
This difference in organic contents is as marked and persistent as 
the textural difference between the l)eds, and could hardlv have 
been possible in synchronous deposits a mile or less apart. 

The age of the massive bed of sandstone must be determined by 
structure in default of fossils. Over the fossiliferous beds lay 
the valley limestone, as determined by the sequence at York, Pa., 
and at Balcony Falls, Va. If, then, the limestone lay directly 
over the massive sandstones, the two sandstones must be*the same 
in age; if no limestone rested on the sandstone the latter would 
presumably be older than the sandy shale. In the latter case 
sandy shales might be expected to occur above the sandstone at 
fiome i)oint. Search was made for such places and several were 
found, two of them being indubitable. One was immediately 
northwest of Monterey. Pa., on the Blue Ridge, near the Maryland 
line; the other was on the Blue Ridge, six miles northeast of Front 
Royal, in Virginia. In each of these cases a syncline of the 
massive quartzite was overlain by sandy shales for a few miles. 
A similar sequence extends along the east side of Catoctin mount- 
ain for alx)ut ten miles and appears to be complete west of Fred- 
erick. There all the sandstones and shales of the mountain dip 
<,»ast under the Frederick limestone. The resemblance between 
this section and the York section is striking, and each contains 
the same varieties of massive and slaty limestones and limestone 
conglomerates. The York limestone is largely Cambrian and the 
Tesemblanoeft of struxjture and composition indicate that the Fred- 
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erick limestone is also Cambrian. North and south from this sec- 
tion the limestone is soon covered by the Jura-Trias sandstones, 
and its contact with the sandstones is not of sufficient extent to be 
free from doubt. As a corroboration of the sequence made out 
in other places it is good but not sufficient for independent proof. 
With the discovery of the sandy shales overlying the massive 
sandstone the sequence was established as follows: 

(1.) H}iii\ hamlcd and mottled limestone^ with thin beds of slaty 

limestone, sandy shale, sandy limestone, and limestone 

conglomerate, Cambrian fossils. 
(2.) Fine {/rained y trhite nan dstone, with beds of shale. Lower 

C 'ambrinn fossils 250 feet 

<3.) Grnf^ sandy tthalvHy with beds of sandstone abundant near 

the middle. Scolithus and Lower Cambrian fossils. 1,200 to 1,500 ft 
(4.) Mannive white mndstone, with bluish-black bands, felds- 

pathic and in places conglomeratic 1,000 to 1,200 ft 

<6.) Gray and black slaty shales to 400 ft 

(6.) Igneous rocks. 

With the aliove sequence it is necessary to assume several faults 
to account for the present attitudes of the rocks. The fine sand- 
stone only once dips under the limestone, and then for only half 
a mile: the massive sandsUme rarely passes under the sandy shale; 
and the igneous rocks occasionally pass over the massive sand- 
stone. Thrust- fan Its, therefore, exist l)etween the limestone and 
sandstone belts and between the two sandstone belts, by which 
the anticlines have been broken and thrust up till <mly the syn- 
clines remain. The faults along these two lines reach over the 
whole extent of the Blue Ridge and South mountain that has been 
studied, and locally the sandstone is faulted under the igneous 
rocks. 

p]ast of Front Iloyal the two faults run together, the sandstones 
disappear and the igneous rocks are faulted against the valley 
limestone. The limestone-sandstone, or western, fault, is made 
manifest in many places by breccias of sandstone with calcareous 
matter, notably northeast of Front Royal. The eastern or second 
main fault is for the most part inferred from the seciuence, occa- 
sionally from the areal distribution of the rocks, as at Monterey 
and Front Royal. 

On Catoctin mountain the structure is much simpler. The ap- 
parent normal sequence at Frederick is broken to the north and 
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till' xtnitii iK-iit into n Hyucliuu, with u pnilmhlp fnult at tlii^ enst 
silk*. Later a. post-TriiiHsio fault (K'Ciipied this line and bnmglii 
tUu Frederick limestone down gainst the lK>tti>m lieds of ninssive 
([iiarlzite tiiul blaek slate. Sniitliward tlie HvnclinnI ii\is euier^ie.-' 
fn»m tho ,1 lira -Trias siiiulBtiine near the Potnuiac for a tew miles 
nnditi tlie midille pnrt of Bull Kun mountain in Virginia. KIkc- 
where tlH' sandstones have a uioniielinnl di)i. 

While Ihi' striii-tiire of the sedimentary roeks is the first object 
of thesi- pages, sevenil faels of striietuiv in the igniiius nieks are 
Kortli stating here. These rocks are of three kinds when classed 
acconling lo their original eonstitution, /. ... dialiase, gninite. 
and ([iiartz-porphvrv. In extent the dialmsf is the most important 
mill the ijiiartz-txirphyrv the least. Rotiglily s|>eaking. the areii 
lielween the Bine Kidge line and (.'atoetin line is underlain by dia- 
base, partly replaced by granile at the Noiitli. ami hy quartz- 
porphyry at the north. The gninite areas rHciipy a triangular 
iratt with a hase of thirty miles east of Front Uoyal and its fl|K'\ 
west of Frederick. The (piartK-porphyry occiipi<'s two areas in 
tile district examined liy the writer, the smaller lying east and 
northeast of Fnml Uoyal, the lawter iH-ginning north of the lati- 
tude of Frederick and sis miles north i>f th<' granite ajx'X. Near 
Fnnit Koyal it wcurs as a uarrt>w strip between the diabase tliat 
forms the summit of the Bine Itidge and the Cambrian sand- 
stones, [n Maryland it lies in the form of a nide elongated cross. 
Tn I'ennsylvania, according to Prof. Williams, the ipiartz-jwr- 
pliyry is as wiilespn'ml sls the iliabase. 

I'lMinthis group Die Cambrian sandstones and slates were de- 
|M)sitei1 uuconformably. In places the sandstime ties u|>im gnin- 
ite, in other phiees ui>on dial«se. in olhers uiwn i|Uartz-i)orphyry. 
In many UH'aliti<'s widely soattere<l along th<' Blue Kidge. the 
sandstones and slates contain fragments of tlw igneous nx-ks. 
showing that the situdstones are lati-r deiH>sits. 

The relations of the igneous nx-ks to each other atv not always 
plain. So far as known to the writer, the gninite aotl ipiartz- 

■phyry do not w>me into contaet. lietwin-n the granite ami dia- 

iii-ls are common. The gninite i«?eurs in the fonn 

of liir^' luiiNM-s and eruptive tongues in the diabase and abundant 

|-:eviiI«M>ce of ils eniptive natun> can iw found in its irregular 

otf-hooting tongues, and inclnded fragments of dia- 

lu.iuularies of granite and dialias*- are excei^ingly 
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complex, luid areas of massive granite merge into areas of massive 
diabase through a multitude of interbedded tongues. These 
tongues vary in thickness from a few inches up to two or three 
miles and attain a length of six miles. 

The relation of (piartz-porphyrj' to diabase is not clear at first 
sight in the region under discussion. It can be inferred from 
several plienomena. however, with considerable surety. At sev- 
eral localities in Marvland are occurn»nces of tufaceous beds in 

ft- 

the (pnirtz- porphyry that indicate surface production. These 
beds are near the edges of the quartz-porphyry and are presumably 
the upper beds. Also there are frequent occurrences of banding 
and wavv flow structure common to surface lavas. From these 
facts it is probable that the quartz-porphyry was a surface flow. 
That being the case, the relation of diabase to quartz-porphyry is 
a simple one and not complex like the granite erupti<m. As there 
are only one diabase bed and one (juartz-porphyry bed that can be 
difl'erentiated, the diabase either follows or precedes the quartz- 
porphyry. 

For want of bedding planes in the quartz-prophyry it is diftlcult 
to determine any structure. Tt may be assumed for the present 
that the surface of so large a flow was approximately level and 
that the tufaceous beds mark that surface. The present dips of 
that surface, therefore, represent hiter plication. Its general 
position is along low ground and drainage lines, suggesting anti- 
clinal erosion of an underlying bed. Wherever steep slopes make 
the dips plain, the quartz-porj)hyry is the underlying bed and the 
tufaceous beds marking the top are next to the diabase. Several 
outliers of qnartz-porphyry are only exposed by deep stream cuts, 
and several outliers of dialmse cap summits in the (puirtz- porphyry 
area. The south ends of the quartz-por[)hyrv visibly pass under 
the diabase. From all of these points there would seem to be no 
doubt that the (piarlz-porphyry underlies the diabas(\ 

If this relation is accepted as true, it follows that the diabase 
itself was a surface flow. Internal evidence of this is wanting, 
for no tufaceous l»edsor flow structures have been observed in the 
diabase. Negatively, the diabase is the topmost volcanic bed 
and shows no eruptive contacts. It reaches continuously from 
Maryland ten or more miles into Pennsylvania and over half way 
through A'irginia. with an average width of twenty miles. This 
extent is commensurate with the large lava flows of the present 
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surface and is au extreme for an eruptive mass. Finally, the 
diabase lies on the surface of a surface flow, hence it must Ije a 
surface flow itself. 

Compression has produced little change in the quartz-poq>hyry 
except the distortion of folding. Along two faults at the east 
base of South mountain and east of Front Royal, the quartz - 
porphyr}' has been dragged out into a lustrous mica slate of very 
fine texture. In some places there has also been produced a small 
amount of schistosity. * As a rule it has suffered no change when 
compared with the diabase, a difference to be attributed to its 
simpler chemical composition (nearly pure silica) and to its greater 
mechanical strength. 

The diabase has uniformly received a strong schistosity and 
rearrangement of minerals. Muscovite, biotite, chlorite, epidote, 
and quartz have l>een developed everj'where; and locally amygdu- 
loids occur with jasper, quartz and epidote. The epidote and 
quartz occur l>oth in disseminated grains and in lenses attaining a 
thickness of four feet. Cases of unaltered diabase are very rare, 
but oceasionallv occur. 

In addition to these igneous rocks, a considerable number of 
small dikes belonging to the Jura-Trias system were seen. These 
occur throughout the mountain region, but are most frequent in 
the granite tract. 

To sum up, the sequence of the rocks in the mountain region is 
as follows: 

Siluro-Cambhiax Limestone. 

Cambrian Sandstone. 

Shale. 

Sandstone. 

Slate. 

Granite. 

Diabase. 

Quartz-porphyry. 

Their physical history* is*, in brief: 

Surface flow of quartz-porphyry followed after short interval 
by surface flow of diabase. Injection of granite into the 
diabase, presumably passing through the quartz-porphyry. 
Dynamic action and pn^duction of schistosity in diabase.. .Erosion. 

Submergence and deposition of Pala*ozoic strata. Dynamic 
action with folding, cleavage, and elevation Erosion. 

Submergence and Jura-Trias deposition. 



369 



ON THE CLASSIFICATION OF THE DYAS, TftlAS 
AND JURA IN NORTH-WEST TEXAS. 

By JuLEB Makcou, Cambridge, Ma88. 

Ill the Second and Third Annua/ Reports of the Geological Shv- 
vey of Texan^ Austin, 1891-1892, Mr. W. F. Cummins has given 
the following classification and nomenclature for the strata in 
north-west Texas. He begins with the • Carboniferous or Coal 
Measures, divided into six great formations, which he calls: 
Bend, Millsap, Strawn, Canyon, Cisco and Albany divisions. 1 
shall make no remarks on the Bend, Millsap and Strawn divi- 
sions. 

The Canyon division, so-called on account of its development 
at Canyon, in the western part of Palo Pinto county, contains a 
fauna entirely Carboniferous. It is a well defined formation, and 
easy to recognize in central and northern Texas. 

The Cisco division is well exposed at the town of Cisco, on 
the Texas and Pacific railway. The stratigraphy, lithology and 
paleontology differ so much from what exist in the Canyon di- 
vision, that it seems as a first great group of another stratigraphic 
system, or at least a passage formation l)etween the true Carbon- 
iferous and the Dyas (Permian). In it arc found a certain num- 
ber of Dyassic forms, such as: AUorisma^ Aricuhi, Avicuhpecteny 
Nui^nla, etc. A careful palaeontologic investigation, as well as 
good and minute stratigraphic observations are much wanted. 
For the present I am inclined to regard it as the base gf the 
Dyassic system, and related to the group which exists on the .south 
side of the mouth of the Platte river, at Plattsmouth City (Ne- 
braska). 

The Albany division, named for the reason that in the vicinity 
of Albany, in Stackelford county, the strata are well developed, 
correspond exactly to the Dyas of Nebraska City (Nebraska); hav- 
ing the same fauna, lithology and stratigraphic iwsition. 

In the Second Annual Report, Gettf. Surv. Te.rus, at p. ^J93, 
there *'is a complete list of fossils of the Coal Measures," in 
which the fossils belonging to the Cisco and Albany divisions are 
confounded with the fossils of the Canyon and Strawn divisions. 
That list needs to be revised, not only for the exact stratigraphic 
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position of each fossil, but even also in regard to tlie determina- 
tion of the species. 

The Wichito division, well developed along the Big Wichita 
river, is composed of red sandstone and red clay, (^uite a large 
number of vertebrate fossils have l)een found bv Mr. Cummins.and 
described by profe.s.sor K. D. (^ope. Some fishes, such as: (ymt- 
o(ht.s, Ctf'iiotiKK. Cfmnrtmf/tits. etc.. are Mesozoic forms well 
known in the Kuropean Dvas and Trias. Rt>^>tiles and Bachtra- 
chians collecte<l in Wichita division, recall also Mesozoic forms. 
T'ntil now not a single locality or a minute stratigraphic position, 
of all those Texan fossil vertebrates has been revealed: professor 
Tope saying only Texas, and Mr. Cummins I K»ing as much discreet; 
so other geologists cannf)t control the exactness of the age of the 
strata, ami the true value of Messrs. Cummins' and Cope's dis- 
coveries in comparison with the well known localities and strati- 
graphic positions of the fossil vertebrates of Kurope. The list 
given by profe.s.sor Cope in the Stmm/ Ann. I^tp. Gtnt. Surr. 
Ti.nis. pp. 41(>-4in. is absolutely useless. If Cuvier. Agassiz 
and others had l>een so reticent and had kept secret the localities 
from which came the fossils thev described and named, the science 
of Cnmj/arafirr l^ilit nutaintji/^ and thc cla.ssification of strata 
would not have received the great help derive<l from their works. 
The tendency of a few American vertebrate pahvontologists 
not to divulge the localities from which they get their specimens, 
and to sav onlv TexasI Wvominir! etc., is anvthino: but cred- 
i table. 

Mr. ( /ummins has collected a Dyassic tlora in the upper [X)rtion 
of the Wichita division, at the head of (lodwin creek, Bavlor 
county. Professor T. C. White has recognized in it, two Split u- 
nithiflhnii, an (hfnnfnftti ris, a Cti/Hpft r^'s. four Cfil/ipfrritfiiintj 
eight Ptrtjptt i'I,<, a Goiiiaftfrris. and more specially a Wf/fr/iiiij 
so characteristic of the Ihassic flora in Kurope. 

It is eertain that the Wichita division belongs to the Dvas (Per- 
mian). and forms the upper part of that system in Texas. 

The next division. '• Clear Fork bt»ds. " contains in its lower 
part, strata which ought to be united with the Wichita division. 
Such are the loealities called: Camp and (lodwin creeks and Mili- 
tarv crossing in Archer and f^avlor counties: in which Mr. (^im- 

ft C^ ft 

mins lias found a eertain nuniberof fossil invertebnites. Theli.st 
published, in the Stmml Aim. /itji. (iml. Surr. T*x*tn. p. 415, 
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3I10WS Mesozoic Ophalopoda such as: Mnhfh'cofin iiiul Pupmin- 
rvrti}<^ mixed with Dyassir forms such as: An'rtihtprctvn. (itrrih'ti, 
ClydoplutriiH. etc. It is a fauna relate<l with the Russian fauna 
•of the Artinsk beds, and may be considered as the American rep- 
resentative of a part of the Russian Dyas (Permian). 

Some of the vertebrates determined by professor Cope have 
Iknmi f(mnd, according to Mr. Cummins, in the strata of the lower 
part of the Clear Fork division, aixmt a little alKivc the horizon 
of the fossiliferous limestone, with MtiUimttin of the Militarv 
crossing (Haylor ccmnty). So it will lie best and more logical to 
separate from the Clear P'ork division, aV)out "iW) feet of its 
lowest strata, which will reduce its whole thickness of 1,J»75 feet, 
as given by Mr. Cummins, to a])out 1,()(M» feet. Then the Clear 
Fork division, so reduced, is a formation above tlie Dvas, and 
represents the Lower Trias or RuntA»r sandstone of Europe. Wh(»re 
T saw it, just north of the Wichita mountains, all along our road, 
by the :{r)th pai'allcl, after passing the Cross Tim])ers to Rock 
Marv and the natural mounds, I did not find fossils; but on lith- 
ological and stratigiaphic ground, I have no doubt that all the 
strata then* are Lower Trias. In mv reconnaissance of 1H5;5, it 
was impossible to do more than to follow the road, with a few 
zig-zags, right and left, because it was a heavy marching with a 
military escort, with strict orders not to go outsi<le and never to 
lose view of the main column. 

The T)ouble Mountain division is remarka])le on account of its 
heavv and important dolomitic limestone, its verv thick be<ls or 
lenticular masses of white gypsum and its salty clays and shales. 
Mr. (^immins savs that he saw among the dolomites manv casts 
^>f fo.ssils, but he does not give a single <letermination even of 
family, genus or species, so we are entirely ignorant of their na- 
ture, r <lid not find anv trace of fossils, when 1 crossed that for- 
mation. except near Kp.som spring, before reaching Antelope 
hills, where I found a large fossil tree, beautifully silicified and 
transformed in jasper, which when polished resembles somewhat 
the I^iimifrs /frtnnfii of the Trias of the Val d'Ajol in the Vosges.. 
I have considered that gypsum group as representing the Middle 
Trias or Musclielkalk of (Jermanv; and I c(»ntinue to do so. for 
nothing in it recalls in anv wav the Dvas of Knsriand. France aiui 
Saxonv: it is a vounger formation. 

The lb)ckuni l)eds or division of Mr. Cummins, was descrilied 
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by me att far l»ack us 1H5H, an Triassic; and more, as representiug 
thf Keuper and A'aringated marls of Kuroi>e. Tlio ditfereuce 
Imtwwm Mr. Cummin»' tliiokness ni lliosc strata, and what 
I saw from Aiiteloi>e hills to Rocky Dell ortfk and Pyramid 
iiioHiit (Tiiciimcari area), is diJflcnlt to bt' explained. My estima- 
tion ia alK)ut 1,50(1 fe«'t. when Mr. Cu mm ins gives only from 125 
feet to 4(10 feet, with an average of about 2(1(1 feet only. It ia 
posaibli- that Mr. CuniiiiinB has R-ferred one thousand foet of the- 
strata, l>etween Ant^'loiH' hills and Rocky Hell creek, as Dyas- 
(Permian); and Las kept for his Trias tht^ alrata from the lowest 
part of Rocky l)ell creek to the white and yellow sandstone of the 
Pymmid Mount secti<)n, which aceordint; to my eslinmte of thick' 
ness is alioiit 5(11} feet. 

Now comes the Tucumcari stnitigrapliy. bo admirably develo|M!d 
round the (ireat and Little Tncumeari mountains. Monte Revnclt» 
and I'yramid mount. In regard to Monte Itevuelto. Mr, Cum- 
mins suy a: -' This mountain was by mistake cidlcni Big Tucum- 
cari on the maps published by Mr, Marcou. The Monte Rcvuelto 
and not Rivnelto as it is wrongly spelled by Mr, Cummins, term- 
inates the great mesa of the Llano Kstncado. just duo south of 
Fossil onwk. It is the most prominent pi^ak and the Ih'sI land- 
mark of the an'a, and it is not easy to make a mistake with. It 
was pointed ont to us by Home Mexicans traveling with our party, 
and \>\ some Indiana of the Pueblo of San Felipe whom we met 
there. The Rig Tucumcari, called now only Tucumcari mount, 
is isolated by denudation and enisiou in the great valley, called 
Plaza barga by the Mexicans, north of the Llano Kstacado. On 
Mr, Cummins' map, he took the Big Tucumcari mount for Monte 
llevuelto; and what he calls Big Tucumcari ia truly the Little 
Tucumcari. Astohis Little Tucumcari, it is a very small isolated 
hill, marked on my map, south of the true Little Tucumcari, but 
without any name. My geological map and the topographical 
map of lieutenant A. \V. Whipple, of the Paciiic Railroad ex- 
plorations, by the ;i5th parallel, lioth surveyed and constructed 
in 1853, are the only exact maps ever published on the Tucumcari 
area, except asmall sketch map, marked No. 4, in lieutenant J. H. 
n'B raport of 1849, Washington, which gives also the exact 
of the Little and Big Tucumcari. Themapof Mr. Cum- 
mina, In the Third A.<n. R.,.. Gfol. Sure. Texat. is at variance 
B first maps published, and according to right of jtW- 
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rity cannot be used for geographical names of the Tucunicari 
area. 

In the Manns islsHca (variegated marls) of Plaza Larga no fossils 
have been found, either by Mr. Cummins or myself; but farther 
south-eastward, in continuit}' of the strata, Mr. Cummins has col- 
lected fragments of Stnjocepliali\ Crocotfi/vi, Ch'psi/ /taunts and 
Zafomus. Above the variegated marls, so easj' to follow bed by 
bed at the Pyramid mount section, we find a series of alx>ut 200 
feet of white and yellow sandstone, blue clay, calcareous sand- 
stone and at the top a white limestone. The fossils l)egin to be 
found. in the blue clay, aljout 30 feet thick. A beil, two inches 
thick, of Gryplura dihitata var. tnntmvan'ij packed close together, 
is found at half a foot from the base; and more of those Grypluea 
tucHiju-nrii can be (collected higher up, in the whole group of blue 
clay, with an Omtren of the Ostna nmrshil form. Those two 
fossils are characteristic Jurassic species, and indicate that the 
jige of the blue clay is Oxfordian. 

Mr. Cummins accepts the Gryphix^ti dlfntutn var. tnciiinnn-ii as 
a good s|)ecies distinct of the Gryphwn pitr/n'ri of the Texas Neo- 
comian; but it is his only concession. In a special chapter, en- 
titled : '.^ Notes on the geology of the country* west of the Plains 
— Tucumcari, New Mexico,'' pp. 201-210, in the T/nnf Ami. Kvp. 
Geol. Snrc. Te.nts, Mr. Cummins contests the exactness of my 
conclusion in regjird to the Jurassic age, and he refers the Tu- 
cumcari beds to the Cretaceous, and in that system to the Wash- 
ita division; that is to say. to the upper i)art of the Lower Cre- 
taceous, al)ove the Trinity division, and even above the Com- 
manche Peak and Fredericksburg division. 

Lithitlogy. — Mr. Cummins has a long and u.seless dissertation 
on lithology, saying that I committed an error, to call *»Calcare- 
ous sandstone or sandy limestone" the strata above the blue clay 
with Grf/phtea fKrnmrfin't\ which he calls, also, like me, *• Calca- 
reous sandstone." It is exactly the same definition, and even the 
same name. In my wood-cut section of Pyramid Mount (see 
The American (tEolooist, Oct. 1881), p. 1(»2), for brevity of the 
table of explanation of the letters used to designate each bed, I 
used only •* Yellow limestone," but in the description of the strata 
I call them '-Yellowish siliceous limestone," and in Vol. ni, Pa- 
cific Railroad Explonttionsj '• Calcareous sandstone. " So there 
is no ground whatever for a discussion. I have called the beds 
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iu IS.VJ, '• Caleaivous saudstono," and Mr. Cummins calls the 
same hods in IHDl. also. "Calcareous sandstone.*' 

Ptilaoiitohnjif. — ••The following is a list of the fossils collected 
bv me (Mr. Cummins) from the Tucumcari beds in the vicinity of 
Tucumcari and Pyramid mountains:'" 

(iryphivn tlihittita var. tucumcari, Marcou. 

(htrtft mfirs/u't\ as determined by Marcou. 

« 

(wi'ifpluta pitclwrl Morton. 

Exoifyni text in ft Rom. 

Ostrttf qii'idriplirtitn Shumard. 

Triijonin imnri/! Con. 

(.\fnfintn hilhnnim Son. 

Ci/thrreti IcnneHsis Con. 

Ttirritelhi sfrittfim ijnnnilntn Rom. 

Pinnii sp. 

Ammnnitt's. 

Pvrttii. 

Kyeryone who is familiar with assimilation of strata and par- 
allelism of formations, always takes special care to giye pr<K)fs of 
i<h»ntity of fossils, by means of good figures and descriptions of 
species. Here not a single fossil pretended to be ident\pal with 
fossils of the Washita division, is either figured or described. 
Mr. Cummins contents himself in saying: ••! believe if Marcou 
had seen the fossils 1 have collecte<l he would not have hesitated 
to place the Tucumcari beds in the (Vetaceous. " I shall 
ask simply, why Mr. Cummins did not send me his fossils to 
look at? 

The Ammonites, which are always among the most important 
fossils for determination of age of the strata, are not evA-n hinted 
at: sini})ly saying Anniiniutrs. 

Professor A. Hyatt made an extended and very minute explor- 
ati<m of the Tucumcari area in 18S1). He collected numerous 
and important s«»ries of a (piantitv of fossils — at least sixty spe- 
cies — and h(» asked me to look over his collection with him. I 
did not sec in it a single OeUiceous fossil; no Gn/phia pitchtri. 
no Exogijni fcj'DKi, etc. Professor Hyatt is justly ccmsidered as 
the Ix^t specialist, on this side of the Atlantic, for fossil ceph- 
alopods: and he has already worked out for the Geological Sur- 
vey of Texas, the *• Carboniferous cephalopods* published in the 
JSet'Ond Ann, Rvp.. and is now engaged on the Nautilidjeof Texas. 
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also for the Gcoloijieal Survey. Why did not Mr. rmnmins send 
his collection to professor Hyatt, at C'ambridge. to compare what 
he got with the fine specimens <»f Mr. Hyatt? 

As it iSjthe list of fossils. published by Mr. Cummins cannot be 
used. I shall <mly say. that it is simply imiK)ssible to find together in 
the same bed the (tn/j»hini dihituta yixwiiirinnnn-i^wiXh thi' Grt/ff/nm 
pitclit ri and the Esoijtiin tvxnnn. Kither the fossils determined 
by Mr. (^ummins are incorr(»ctly referred to species entirely ditfer- 
ent, or by some* accident Mr. (.\immins* specimens have been care- 
lessly packed up and the labels have become som(»what mixed or 
changed from f>iu» packet to another. 

Mr. Cummins insists with great force on his discovery in the 
top bed of the Tucumcari mountain, of a fragmentary leaf of a 
dicotyledonous plant calh»d Strrmliti ilmht l, whicli he describo 
and figures at p.21i>. Fntil now.he says.no angiospermous leaves 
have been found in older strata than the Cretaceous, and -a singh* 
specimen in certain cases is sufficient to definitely determine the 
age to which the strata belong." 

Fossil leaves of Angiosperms have been found, some time ago. 
round Fre<lericksburg, Virginia, in strata called the l*otomac 
formation, which is regarded by some geologists as belonging t<» 
the lowest beds of the Wealden, and by sonu* others as old as the 
Purbeck formation or upper Jura of England. A leaf resembling 
in the outline a leaf of sassafras has l>een found in the lV)tomac 
formation of Virginia, similar to the leaf found at the Tucumcari. 
So there is nothing very new in the discovery of a leaf of 
dicotyledonous plant in the .Jurassic bed of the Tucumcari 
mountain. 

I have showed before (The Amkuk'an (Jkolooist. Pec, ISSD: 
'*.Jura, Xeocomian and Chalk of Arkansas. ' pp. .'JoT-o^JT ) that 
the Trinity ])eds of Arkansas contain a fauna entirely Jurassic, 
and that they belong to the Jura system. It seems, according to 
the observations of .^Ir. Robert T. Hill, that the upper part of 
the Tucumcari strata, above the horizon of the (in/jt/nxt tiinnman'. 
is related and of the .same age a> th(^ Trinity beds. 

In resume, the suppo.sed Cretaceous age of th(» Tucumcari strata 
is an error: not so great as the one of Messrs. James Hall, Shu- 
mard, Meek and Newberry, who svnchronizetl them with the 
Dakota division of the upper Cretaceous, but is no less a grave 
one, for it displaces a whole system of rocks from its position just 



37H Tfie Airu'i-ican Geoloyhi. Derctniwr, iww 

nliovi- the Trias iui<l Ik-Iow the true Cretiioeoiis Xcocomiiin <if 
Texas, ami puts it far up, iin the upiwr portion of the l/ower Cn-- 
tac-couii, or Wiwhita divisiou. 

Another grave error is the reiluotioii of tiie Texan Trias to the 
uj)per 20(1 feet of that system, wlu<'h lias truly in Texas n thiok- 
iio»s of no lesN tliiiu 5.lltl0 feet; and to rt-fer to the Dyas or I'er- 
mian. not only tije Lower and Middle Texan Trias. Init even two- 
thinls of the I'pper TriaH, rf^iuciiig the gii-at Texan Trias to an 
insijfnitleant syKteni: and at the same time giving lo the TcxiLS 
Dyas an imiwHtanee alM«)lute!y imaginary, and out of itll proiwr- 
tion to its value and i>osition in .Vmeriean stratigi'aj)hy. Itetddeii 
.Mr. I'uniniins has inereasi'd also the already very givat formation 
of ihe Coal Measuivs or I'arbonifemus. in plaeing in it the l^ower 
Dyas of Nelirnslvti City and I'lattemonth, .Velnaska.whioh he cidls 
Alliany and Ciseo ilivisions of the Coal Measures. 

As the (Jeol<)gieal Survey of Texas hiis Ijcgun to pulilish gw- 
liigieul maps of great area, in the Thu-<} Aunn'tl Jiijioif. it is im- 
poitanl t<i signalize to its director the ditfercnce of opinions held 
by other olwervei-s than hie imn assistants in tlie snrvcy, on tiues- 
tions which involve great scientiHe resixinsiliilities, not only for 
Texas, luit also for .\meriean geology. 

Here is the detailed talde showing the onier of sueeession and 
elaHsifiention of northwest Texas, the Indian Territory and New 
Mexico by Mr. Cnmmins. in comparison with the elas.si Heat ion I 
have given as far luiek as IB-IJl. and which has l>een repeati'd in 
detail in Thk AJiKRir.i.v Ckonooist, Scptcnilier. lHHil. pp. 
]r>0-157. 

Mr. Ciiuiinliii'' rUHilkition in Kortli-irol Ur. .Varcoit . i;]u>LnraOiin. 

l>xa>> mill New Mralco, ItW-IMll. 1>VH. 

I liriiphita pitfhrri Ijiu*- 

CHFTAcKoi-a. [i(;jlc(ml»iI'.""'Thii-kiiPi,-' 
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Tbiassic. 



\ Concordance of Mtratlfication. 
'\ Dockum division. — 400 feet. 
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Concordance of stratification. 
Variegated marls.—fiOO feet. 



.flfi 

H 

& ! 



Double Mountain di virion. 
Tliicknei48, 2075 feet. 



Clear Fork divi»ion.— 1875 feet. 
Noia b€nf.— At the base of the divis- 
ion— about the first 800 feet— inverte- 
brate fosHils have l)een found at Mil- 
itary crossing and Godvi-in creek 
(Baylor Co.), and at Camp creek 
(Archer Co.). A few vertebrates 
have been found also scattered at 
about the same lower horizon. 

Wichitii division.— 1800 feet. 



yota bene.— In the upper part, at the 
head of Godwin creek, a Dyasnic flora 
with Walchia has been found, with 
vertebrate fossilH such as: reptiles, 
Imtrachiann and fishes. 

Albany division.— 1180 feet. With the 
Dyassic fauna of Nebraska City. 
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Sandstone, dolomite and red clay; 
extending from Antelope hills to 
Rocky Dell creek.— 1000 feet. 

r Red marls inclosing gypsum, salt, 
I clay and dolomite, extending from 

Natural Mounds to Antelope hills. 

—1600 feet. 
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r Vermilion marls and clays, inter- 
stratified with beds of red marly 
sandstone, with green spots; ex- 
tending from Cross Timbers to 
Rock Mary and Natural Mounds. 
— aOOO feet. 



Xota ft<n^.— This formation embraces 
the lower portion of the Clear Fork 
division— al>out 8U0 feet— and the 
Wichita. Albany and Cisco divisions 
of Mr. Cummins. 
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Cisco division.— 840 feet. 
Dyassic mixed with 
fossils. 



Carlraniferous 



Red and blue clay with conglomerate ; 
extending from Topofkf creek to 
Cross Timbers, west of old Fort Ar- 
buckle or Beaversville.— 1000 feet. 



Break. Unconformity. 



Canyon division. -930 feet. 
With a Carb<miferous fauna. 



r>A»i>r^wi»«or.... i Limestone of Delaware 
S?-J1JS - Ridge, with a Carbonlf- 
OYSTBM. ^ erous fauna. 



THE AREAL WORK OF THE U. S. GEOLOGICAL 

SURVEY.* 

By W. J. McGbe, Washington. 

When the U. 8. (xeological Survey began its work some 13 
years ago, only a small portion of the public domain was mapped 
out, so that the first thing to be done was to prepare a topographi- 
cal map. It was not considered then nor is it considered now, 
necessary to prepare a detailed map; all that was and is desired 
is a map giving the main landmarks and the contour lines, sur- 
veyed and drawn with just sufficient accuracy for the scale of the 
map and no more. It was at first decided to use the scale of four 
miles to the inch throughout most of the domain and employ the 
scales of two miles and one mile to the inch in more im|)ortant 
•centers. However, the methods of survey have been so much im- 
proved since then, and the cDst per mile so much reduced in con- 

• Abstract of a paper read before the American Institute of 3Iin- 
dbug Engineers, at the Reading Meeting. 
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8e([iUMici', thai it litis heen found consistriil with economy t<^ 
abandon the fonr-iuil(»-to-tho-ineh scale, and subsequently the 
two-mile-to-the-ineh scale was abandoned also. This adoption 
of the one-mile-to-the-inch scale was also rendered necessary, as 
it becam • evident that the requirements of geologists wouhl not 
])e met satisfactorily by the smalh^ scales. The total area sur- 
veyed topographically to date is ooT.OOO scpiare miles, distributed 
over 42 states and territories. Four states, viz.. Connecticut. 
Massachusetts, New .Jersey an<l Rhode Island, together with the 
District of Columbia, have been completed. Each sheet of the 
maps is al)out ITjx IJ^ in. and the side of the <me-niile-to-the-inch 
map represents 15 minutes of latitude. The sheets are engraved 
on copper and are printed from stone transfei's. Each sheet is 
printed from thret* plati^s, giving respectively the hydrography in 
blue, the altitudes between contour lines in shades of brown, and 
the topogmphy in black. Altogether r> 15 sheets are now printed 
in ihe ditferent scales out of the r>J»4 sheets surveyed for. No 

« 

legal provision has yet been made for the public sale of these 
maps. 

No system has ever yet been uniformly adopted among civilized 
countries for representing the geologicnd structure and character- 
istics in maps. Most geological authorities at present adopt some 
arbitrary svstem of coloriuij according to their own taste and 
fancy, .so that the art of ireohigical mapping mav l.K».said to Ik* only 

» ~c* lie, » 

in an exiMn-imental .sfhge as yet The system a<lopled by the l'. S. 
Geological Survey is novel, and is thought to meet the require- 
ments of engineers, miners, etc., in a better way than any other 
method yet propostMl or tried. The system provides for the separ- 
ation of rock formations into four clas.se;*, viz. : 1. Fossiliferous 
or fragmental; 2. volcanic: ;». granitoidal and schistoi<Uil. and 4, 
suiK^rrtcial. These classes of rocks are represented by ground 
coloi-s an<l pattern overprints in such a manner that the entire 
range of available colors may be used for each. The fragmental 
nx*ks are represented by the primary colors in orderly arnnige- 
ment. each t*olor indieating an age-group \ Carl »onifeR>us. Silurian, 
etc. ). These colors are usiMl as uniform groiuid tints, and over- 
prints in line patterns represent the <listinct formations of which 
the group is made up. The volcanic rock> an' n»pivsente<l by 
angular fiijures either on a white irround or over a trround tint 
repn'senting an age-group. Tin* crystalline nH.*ks are similarly 
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represented by hachures disposed either irregularly or in such a 
manner as to indicaU^ structure. The superficial deposits are 
represented by round figures in such a manner that they may \k' 
mapped in their normal relation, overlying the ohler rocks, on 
the sheets showing the underlying formations. The general sys- 
t(»m provides for the representation of the gtK)logy on the topo- 
graphical maps. The atlas sheets are colored in manuscript by 
the geologists in the field and the geological sj'mbols are after- 
ward engi'aved on zinc. In onhT to make these sheets available for 
all uses. provision has been made for printing each sheet^in ]K)rtfolio 
form, supplem(»nted by as many different impressions of the same 
map as may be reciuired. Thus the portfolio will usuall}' include a 
topographic sheet without geological symbols; a geological sheet 
showing only the age-groups and formations; a structure sheet in 
which sections drawn to scale are printed cm a sheet showing the 
groups and formation lx)un<laries; sometimes a sheet of columnar 
sections showing the structure in greater detail; in some cases a 
sheet showing the superficial deposits only; and when the occasion 
requires, a sheet of mineral n^sources, showing the location of mines, 
quarries, coke ovens, smelters and furnaces as well as mineral areas. 

These geological survevs consume much time. Moreover, a 
variety of circumstances have combined to delay the completion 
of the surveys except in special districts, such as the Lake 
Superior iron region, the (piicksilver and gold regions of Cali- 
fornia, the phosphate belt of Florida, the Eureka and Virginia 
City districts in Nevaila, and some mining areas in Colorado. 

Final g(»ological surveys of greater or less extent have been 
executed in Wl states and territories. These survevs cover an 
area of 117.000 square miles, and are in part represented on 100 
regular atlas sheets and a large number of special maps. 

The cost of the topogniphical surveys has varied with the scale 
and other conditions from less than $1 to over $5 per square 
mile. The average cost of the survey, including drawing, has 
bei'H i^?* per .square mile on the one-mile-to-the-inch scale and the 
total cost since the first has been about $4 per square mile. The 
cost of the ueolotrical survev has varied between much wider limits. 

i^ cT ft 

In fairly representative districts the cost has averaged $5 to $0 
per square niihv Tlu» average cost from the beginning has aver- 
aged J<s p(»r square mile, but this cost includes preliminary ex- 
penditure on instruments, books, laboratories, etc. 
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THE PRESENT BASAL LINE OF DELIMITATION OF 
THE CARBONIFEROUS IN NORTHEASTERN 

MISSOURI.* 

By CiiAULKs RoLi.ix Kkykm, Dex Moines. 

Although for many years past tlie Kindcrhook l)e(ls have been 
regarded as the ])asal part of the Lower Carboniferous, or Missis- 
sipphm series, in the upper Mississippi valley a decided Devonian 
facies of tlie contained fossils has always been observed. This 
particular faunal aspect has occasioned much comment and has 
attracted wide notice. 

So much were some of the e^irlier geologists impressed with this 
charact(»r of the organic remains that they hesitated but little in 
referring the l>eds in question to the upper Devonian (Chemung). 

The best exposures of Kinderhook rocks are found along the 
Mississippi river at Burlington, Iowa, Kinderhook. 111.. Hannibal 
and Louisiana, Missouri. At all of these places the lithological 
charactei-s are practically the same, except i)erhaps towards the 
more northern limit of their exposed range, where the upper part 
is changed somewhat and the lower portion does not rise above 
the water lev^l. 

At TiOuisiaua the exposures are perhaps more open to observa- 
tion than elsewhere: though for seventy miles along the river the 
outcrop is practically continuous. 

The vertical section at the place just mentioned is as follows: 

Ft. in. 
1(5. lirown and white, coni[mct,encrinitnl limestone thiidy 

bedded, with some chert 75 

15. WInte, tMicrinital liniestcme very heavily Innlded iL* 

14. ('<mrs«»-grained encrinital limestone, very heavilv 

lK»dded .' '. 2() 

13. ^lassive, white encrinital limestone, coarse-grained 

with abundant white chert ii<»dules and nodular 

bands 11 

12. lirown encrinital limestone, compact and heavily 

bedded, somewhat earthly in i)laces 15 

11. Compact, tine-brained buflf limestone with few (»r no 

partings 15 

10. Sandy shales, brownish, forniin^ soft friabh* sandstone 

liK^ally 12 

0, (rreenish, clayey shales 70 

8. Thinly iMKlded. compact limestone. Hne-^rained, with 

eoncIi<»idal fracture, in layers 4 to {^ inches in thick- 

neftH, like lithographic stone in tevture and ap|»ear- 

auce 5() 

^Published by permission of Mr. .\rthur Winslow, director of rhe 
Ctooloffical Survey of Missouri, from work i)ros(»cuted during the years 
1801-2. 
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7. Sandy clay sliale (2 to 4 inclies) * 3 

6. Drab or jjjreoniHh <*lay»»y slia]<» i? 

5. BJark, fissile clay shalo 4 

4. Buff, inagnt^sian limestoiu*, very lioavily twHldcd 10 

3. Coinpaot. white <M)Iile 5 

2. Blue clay-shale, with thin hands of impure limestone <lo 

1. Heavily l)edded limestone, exposed o 

No. 1 is the Trenton limestone; 2 the Hudson River shales: 3 
and 4 probably represent the Niagara limestone: the first increas- 
ing rapidly in thickness southward, and in a distance of 30 miles 
reaches a vertical measurement of 30 to 40 feet. T) and i\ are 
probably Devonian, wiuivalent to the * -black shale'' of a<ljoining 
states. Number 7 is a thin seam 2 to 4 inches in thickness and 
highly fossiliferous. With few exceptions the 'lithographic' 
fossils come from this layer. It probably belongs more properly 
with beds 5 to (>. Apparently the organic remains are nearl}* all 
i<lentical with forms from the Hamilton ro(»ks farther northward. 
Should the union of this thin highly fossiliferous seam to the 
umierlying shales be more in harmony with the real relation of 
the faunas of the respective lieds, as now seisms likely, than with 
the faunas above, it would remove* to a great extent the present 
Devonian facies from the lithographic (Louisiana) limestone. 
8 is the Louisiana limestone. a compact, rather thinly bedded rock, 
breaking with a c^oncthoidal fracture. It is very poor in fossils, 
Numl)ers 9 and 1 are the Hannibal shales. 11. the (Mi<mteau 
limestone, with a few fo.ssils. Number 12 is the Burlington 
limestone, with the characteristic basal fauiuis of the Burlington. 
13 is also the lower Burlington, carrying consi<lerable chert, and 
containing the most prolific fauna in the section. 14. 1.") and IG 
belong to the Burlington limestone: the upper portion containing 
the typical fauna distinctive of the upper division. 

Owen*, who was the first to give attention to the geological de- 
tails of the rocks as exposed along the •'Father of Waters" above 
the mouth of the Missouri, limited the term '^iibcarboniferoiis, '* 
which hitherto has long been applied to all the strata below the 
Coal Measures as far down as the Hudson River shales, to what is 
now known as the L<»wer CarlM)niferoiis. or .^Iississippian series. 
The Louisiana or "Lithographic limestone" was not include<l: for 
his •* Argillaceous .Marlites * seem to have b(»en regarde<l as the 
basal mtMuber. 
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Swallow*, Hallt,and Whitet, who are all well acquainted with the 
sections and their fossils, correlated the beds immediately below 
the Burlington limestone with the Chemung (Devonian). In 
northeastern Missouri and adjoining portions of Iowa and Illinois, 
the * 'Chemung" includes the Chouteau limestone, Vermicular 
shales and Lithographic limestone. 

Hall having studied more particularly in Iowa, erroneousl}' re- 
ganled .certain sandy shales, or yellow sandstones, just below the 
great limestone at Burlington, identical in age with a lithologi- 
cally similar rock 50 miles to the northward, at the ihoiith of 
the Pine creek, Muscatine county. The latter has recently been 
shown by Calving to belong to the Hamilton group as known in 
Iowa. Consequently Hall having investigated the northern local- 
ity more thoroughly, perhaps, very naturally came to the conclu- 
sion that the entire formation under consideration, as he under- 
stood it, was actually Devonian. But, as already shown, the 
rocks of the two places are widely separated in point of time. 

Meek and Wortheu||, who had considered chiefly the fossils in 
the upper part of the so-called **Chemung,'' both at Burlington, 
Iowa, and at Kinderhook, Illinois, a few miles from Hannibal, 
Missouri, regarded the fauna more closely related to the Carbon- 
iferous than to the Devonian. ' Since the publication of these 
views writers upon the subject have accepted them and they have 
been adopted in the geological reports of, Illinois, Missouri and 
Iowa. 

By reference to the vertical section already given it will be seen 
that the commonly known Kinderhook of this region is a three- 
fold division, the upper and lower being limestones and the» 
median one a clayey or sandy shale. At Burlington the fossils 
heretofore noted have been found only in the upper portion of the 
formation, though recently an extensive and interesting fauna 
lias been discovered in the cla^'cy portion much lower down. 
Here the lower calcareous member is not exposed. At Louisiana 
and the vicinity the median member is practically unfossiliferous^ 
ns is also th(» lower, except at the very base. 

*Geol. 8iir. ^lissouri, Ann. Kep., p. 101. (1855.) 
tGeol. Jowa, Vol. i, p. 90. (1858.) 

tProc. Jio.stoii 8oc. Nat. Hist., Vol. viii, p. 289. (1862.) 
oAmkkkan 1ikolo(ji8t, Vol. in, p. 25. (1889.) 
'lAm. .Four. Sci.. (2). Vol. \x\ii. p. 107. (1866.) 
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It will be recalled that Marion and Pike counties, Missouri, at 
Hannibal, Louisiana and Clarkesville principally, were the leading 
localities for a large proportion of the '^Kinderhook' fossils 
originally described by Shuniard, HalK White and Winchell. And it 
has l>een noted that most of these fossils have a very decideif 
Devonian aspect; that they give a peculiar tone to the fauna 
of these beds. 

Heretofore little mention has been made concerning the exact 
horizon of the fossils in question, since reference to the * -litho- 
graphic*' limestone or ^-Kinderhook*' beds has been considered 
sufficient. Ijately, however, extensive collections of fossils have 
been made at all three of these places just mentioned as well as 
many intervening and Jieighboring exposures. Everywhere the 
''lithographic," or Louisiana, limestone has bei»n found to be 
practically devoid of organic remains except an occasional form 
in the thin sand partings above the bottom layer which is less 
than one foot in thickness. 

At the very base of the limestone is a thin seam of butf, sandy 

shale seldom over three or four inches in thickness (number 7 of 

section). 

This seam is highly fossil if erous. It contains the PnHhirtdla 

py.ruhitn (Hall), Ci/rtlmi ffriifiroxtris (Shumar<l), (^fionftis oninta 

(Shumard), Spriftrn //rr/<//«7>///r/*«/x(Shumard), and a host of other 

forms, many indistinguishable from species occurring in undoubted 

beds of western Hamilton. The sandv seam is underlaid bv six 

feet of dark argillaceous shale which has been regarded as part of 

the Devonian "black shale" of the Mississippi basin. This in 

turn rests upon 15 feet or more of butf, niagnesian limest<me and 

oolite of Niagara age probably. 

Lithologically the thin sandy layer is more closely related to 
the underlying shales than to the overlying limestone. Faunally 
it has verv much closer af Unities with the western Hamilton (De- 
vonian) than with the Kiiiderhook (lower Carl)oniferous). 

In Iowa the * 'Devonian aspect" of the Kinderhook fossils has 
disappeared largely, since Calvin s recent discovery that the 
"Chemung" sandstones of Pine creek, in Muscatine county, are 
in realitv true Devonian. In Missouri the same Devonian facies 
of the fauna contained in the lowest member of the Carbonifer- 
ous is lost from view completely by eliminating the species found 
in the thin .sandy seam at the base of the Louisiana, or lithographic. 
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limestone. Thus tbe faunas of the Devonian and Carbonifer- 
ous of the upper Mississippi valley become more sharply con- 
trasts than ever. And the apparent mingling of faunas from 
the two geological systems manifestly is due to erroneous as- 
sumptions rather than detailed field evidence. 

Depriving the ^^Lithographic" limestone, which attains a thick- 
ness of more than (>0 feet at Louisiana, in Pike count}', Missouri, 
almost entirely of the extensive fauna commonlv ascribed to it, 
and which has been seen comes from a thin seam lying below the 
calcareous layers, its gi^ologic age becomes a problem v^t to be 
solved. The few fossils known from the limestone itself have 
been heretofore rarely met with. Hut until abundant evidence to 
this effect is found it seems advisable to still consider the 
Louisiana (Lith(»graphic) limestone in this region as the basal 
member of the (\arb<mifer()us. 

It appears very probable that a marked unconformity exists be- 
tween the Carboniferous and Devonian rocks of the area under 
consideration, instead of a regular sequence of stnita as has been 
aupp(»sed usually. The pr<x)fs of this statement, however, are 
not such at present as to warrant a definite formulation of the 
evidence, yet many facts recently observed point strongly towards 
this conclusion; while the sharply contrasted faunal peculiarities 
are in themselv(»s very suggestive, and very remarkable. 



EDITOKIAL COMMENT. 



TiiK First Dkcau of tiik (Jkoukjist. 
With this month closes the tenth volume of Tiik A.merican 
(JEoi.o<iisT. Tt may not be unwholesome to revert briefly to the 
past five years. That time is too short an interval to warrant 
the expectation of great results, or to span any of the great 
epochs which mark revolutions in science. Thert^ is of course in 
the history of every revolution, whether in politics or in science, 
a seeding time and a reaping time. The changes in geologic 
.science, however, havt' always been so gradual, and spread over 
so many countries, that the participants have rarely realized 
whether they were sowing or reaping; and it has required the 
observer of a later generation, who eouhl gather up the elements 
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of the science of the past and analyze them, to point out the seed 
and the fruit it may have produced. While the science of geol- 
ogy can claim hardly more than a century, though it doubtless 
existed long in an embryonic state, it has witnessed some marked 
periods of progress. Epoch-marking men can be pointed out all 
through its history. Such were Hutton, Cuvier, Darwin and 
Louis Agassiz. Such were Amos Eaton, Ebenezer Emmons and 
lico Lc^*fluereux. Yet during th(»ir lives they were not known as 
such. They had their opponents and difficulties, and their fol- 
lowers only could fairly appreciate their lal)or8. 

The Amerkwn (tEomxhst cannot distinctively lay claim to the 
credit of sowing seed, nor reaping fruit. It doubtless shares, 
however, in both. No such publication can be said to exist with- 
out some influence. The future only will reveal what mav be the 
effect of its influence on American geology. Inside of the cases 
of its ten tomes, which have been sent r(»gularly to all parts of 
the world, are contained the thoughts of numerous American 
geologists, on many of the obtrusive problems of the science as 
thev have come before students in America. Besides the -'Re*- 
views,'* "Correspondence' and **Personal and Scientific News,'* 
those volumes contain 24(> contributed articles, not written bv its 
editors, 108 editorial articles, and 50 articles of ••editorial com- 
ment.'' There have been described, within these ten volumes, 
23 new genera and 117 new species of fossil forms. Microscopic 
petrography and general paleontology and stratigraphy have been 
fully represented in its pages. While necessarily (luestions of 
general geology have had a large share in the pages of the (Jeol- 
(MjisT, yet the relations of geology to education and to ethical 
training, as well as to the operations of the miner and the sur- 
veyor have frcipiently been discussed. Astronomers, chemists 
and mineralogists have alike* found information and valuable re- 
search by perusing its monthly issues. 

Notwithstanding this, the Oeolouist has not accomplished, in 
its full measure, as intended at the outset, and as foreshadowed 
in the ••Introductory." at the opening of volume 1. all that its 
editors have desired. It is natural for man to plan and adopt as 
nearly as |K)ssi])le a model design; it is, alas, also natural that 
its accomplishments should fall short of the perfect model. The 
editors of the Geolocjist are no exception to that order of nature, 
and they admit that their efforts have not been sufflci(»nt as vet* 
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to carry out all that was promised in the ^^Introductory.'' IVr- 
haps they will be able to approach nearer to the achievement of 
their highest hopes during the next five years. 

Five years ago, in the midst of a general feeling of disquiet 
among the geologists of the country, seven men boldly took the 
initiative in the establishment of an American journal which 
should give expression as well to the ^'feeblest whispers'* as the 
**loudest thunder" of geological thought in America. Six*of these 
discharged all their promises, and, except for the intervention of 
the pale messenger, six of them would still be found steadfast in 
their places. This board conducted the Oeolooist through two 
years. Five remain of that seven, but their liurdens have been 
lightened by the addition of seven others to their ranks. 

On this accession to the editorial board, making twelve, it wa» 
planned, at first, that each editor should be responsible for the 
issue of one number, in alphabetical rotation. This has been in 
a measure carried out, but it was found shortly that the labors of 
the respective monthly editors would have to be mixed in the 
monthly issues. The editors are scattered from the Atlantic to 
the Pacific, and from the lakes to the gulf, and with all possible 
precaution and dispatch the timely succession of contributions 
could not be kept in orderly routine. Therefore there is no way 
of indicating the amount of work done by the individual editors, 
nor of establishing the authorship of the anonymous articles, ex- 
cept that each C(mtributor knows his own. 

Tt has been the practice, from the first, to maintain an anonj'- 
mous editorial department, and also to print all reviews anony- 
mously. The unpleasant truth must sometimes be told, and it is 
more likely to be told and told correctly under the shield of an 
anonymous journal than when its relator is compelled to carr^' 
the brunt of all its consequences. Therefon* the editors have had 
equal and untramelled freedom, as individual e<litors, to write 
whatever thev chose. Sometimes they have found themselves at 
variance on views expressed, and they have had the privilege not 
only as individuals to disown what they did not approve, privatel}', 
whenever they have been disposed, but even to criticise the 
Geoukiist publicly in their own name, or to write counter edi- 
torials in rebuttal of other views. The (lEouxii.sT is therefore 
no • 'composite photograph"' of twelve, without character and 
complexion, and destitute of all dominant traits, but is instead a 
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lively succession of single photographs each one of which shows 
its strong traits. The editors understand this and they wish the 
rtfader also to bear it in mind. While the (Ikolocjist as a journal, 
is responsible for all that is said between its covers, the separate 
editoi*s must be considered responsible in the first instance only 
for what they mav contribute; but, secondlv, they share in the 
joint responsibility of the anonymous articles. The former they 
cannot repudiate, but the latter they may disclaim in any way 
they choosi*. It is manifest that this s(K'ures for the journal the 
largest possible result from a composite editorship, and yet 
yields to every editor the right of such individual person- 
ality iiH he may choose to assert irrespective of his asso- 
ciates. 

The iHlitors wish to take this opportunity to again express 
their obligations to the geologists of America. Without their 
co-operation it were vain to attempt to sustain such a magazine 
in America. The editors feel encouraged, and even flattered, by 
the cordiality and generosity with which the journal has been 
received. While it has not yet reached a self-sustaining finan- 
cial basis, it has come very near to it, and the editors an* confi- 
dent that in the near futures with a continuance of the favoi's of 
the past it will pass thatnnark. 



REVIEW OF RECEXT GEOLOGICAL 

LITERATURE. 



Man ami thi- (ibir'ml l*n'hnL Bv G. Fkkdkimck Wrkiiit. AVith an 
appendix on Trrh'nrif Man, hy Prof. Hexrv W. Hayxes, X)p. 385, witli 
three folded niai)s,and H)8 figures in the text. New York : T). Ap]>leton 
& Co. ( Xo. 09, Intt'rnational I^M'ientific series.) 

This work is partly an abridgment and partly an extension of the 
author's previous larger volume, ** The loo Ago in North America.'* 
Glaciers and ice-sheets now existing are described in the first three 
chapters. spe<'ial attention being given to the Mnir and Malaspina 
glaciers in Alaska and th(» ice-sheet and glaciers of (Jreenland. The 
next two chapters are devoted to the Pleist<K*ene glaciation of North 
America, its strije, till, drumlins. terminal moraines, kames, and valley 
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drift and terraces. The sixth chapter treats of the ancient glaciers 
of the Alps and other mountains in the eastern hemisphere and the 
ice-shoets and glacial drift of northwestern Europe, including a very 
interesting descrii»tion of the drift in Great Britain by Mr. Percy F, 
Kendall, with an excellent contour map of the British Isles. 

In the seventh chapter the changes of drainage produced bj' tlie 
ice-sheets are described, with the formation of a glacial lake in the 
Ohio valley, of the much enlarged Laurentian lakes when the receding 
ice was a barrier ])reventing their present northeastward outflow, of 
lake Agassiz in the valley of the Red river of the North and basin of 
lake Winnipeg, and of the Quaternary lakes Bonneville and Lahontan 
in the arid (ireat Basin of interior drainage. For the parallel roads 
of Glen Roy in Scothuid the old explanation is given, ascribing them 
to obstruction by a kwal glacier, instead of which Jann'eson has shown 
that the glacial lake of (ilen Roy was pent up by the departing 
Scottish ice-sheet. 

The evid(»nces of man's existenc<» during the glacial peri(Kl both in 
Europe* and North America are the subject of the eighth chapter. 
For this continent the author .should have added, besides the many 
h>calities which he cites where stone implements have been found in 
river gravels belonging to the ice age, the three discoveries showing 
man to have been contemporaneous with the great IMeistocene lakes, 
namely, the charred sticks, ashes and stones placed to form a rude 
hearth, found at a depth of about 18 feet under the ridge of beach 
gravel on the shore of the glacial lake,InKiuois,in Uaines township, N. 
Y., which (lilbert refers to the time of discharge of this lake through 
the ^Fohawk and Hudson rivers; the chipped fragments of quartzite 
found by Tyrrell in a beach of lake Agassiz; and the obsidian spear- 
head discovonnl by McOee in th<» sediment of lake l^ahontan. 

Professor AVright discusses the cause and date of the glacial period 
in the two remaining chajiters. Concerning the cause, he agrees 
with Upham and Le Conte that it was probably the great altitude to 
which the glaciated countries had been uplifted during the closing 
stage of the Tertiary era and beginning of the Quaternary, shown by 
fjords and submarine valh\vs to have been generally 3,0(X) feet or 
more above their |)resent hight ; and concerning the length of the 
Postglacial or iJecent i)eriod. his observations accord with those of 
N. II. Winchell. Gilbert, Andrews, and others, that probably <mly 
about 7.(KK) to U),(MK> years have elapsed since Canada and the north- 
ern Fnitc'd States were uncovered from their ice-sheet. The length of 
tlu' (Thicial |)<»riod is believed, as by Prestwich,to have been probably 
no more than .SO,(KM) or 4U,0(M) years. Only one epoch of Pleistocene 
gln<'iation is admitted by the author; and the supposed interglacial 
fon'>t beds and other fossiliferous b<»ds between deposits of till are 
attributed to moderate* re(!essions and re-advances of the ice-border. 
Thi> interpretation and some others of the author's conclusions, es- 
jHM'ially those relating to the cause of the Ice age and its date and 
(lurntion, will doubtless be topics of nnich further debate by glacial- 
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'istst, as indeed they have been already during numy years, l)ef()re 
unanimity of o{>ini()ns will be reached. 

Professor Ilaynes, in an appendix of ten pajfes, reviews the evidences 
which by some arclueologists have been thought to indicate man's 

• existence in the Pliocene and Miocene periods, and concludes that 
they are wholly unreliable. The antiquity of our race, so far as it is 

• demonstrated by geohigy, extends back, therefore, according to these 
authors, ])robably not nuich more than 20,0(X) or .%,(KX> years, for the 
earliest discovered traces of pahi'olithic man seem referable to the 
time of maximum extension of th(» ice-sheets and their ensuing stages 

• of retreat. 

Mnmin(tli4i from }fonf/olitt. IJv H. Lvdkkkkk, Ks«i. Contributed to the 
Records of the (-reological survey of India (vol. x.xiv, pt. 4, pp. 207-11). 
Fourt4*en specimens representing several species {Ilinvnn Eqinm, 
Gdzrlitf) are described, and according to the author, great interest is 
attached t^ these species for the reason that they carry the Pliocene 
mammalian fauna to a more northern district of China, than has hith- 
erto been reported, and that they indicate two new Indian Siwalik 
species in Chinese territory. Three figures of teeth in the text. 
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(ieological Survey of Texas, Bulletin No. 1. Artesian water on the 
Llano Estacado, Dr. (leo. (f. Shumard; also Report and analyses of 
Texas Sumach (Rhus copalliiui), by (George II. Kalteyer. Austin, 
l«9l>, pp. 1». 

Sketch of theCieology of .VUibama. K. A. Smith, state geologist, 
octavo, pp. 36. 

First Rej)ort of the Bureau of Mini's. to the Legishitureof Ontario, 
Archibald Bhie. Toronto, 1H»*J, pp. 253. One geological map. 

r. S. l)ej)t. of Agriculture, Relations of Soil to Clinuite. E. \V. 
Jlilgard, Washington, 1892, pi». 5J). 

r. S. Oeol. Survey, Min(»ral Re.sources of the United States, calen- 
-dar years 188» and 1800. David T. Day. Octav<», pp. 671. 

//. I*rncnffhnj!* of Sritntijir Snrlcfits.. 

Acad. Nat. S<m., Philadelphia, l*art ii. April-October, contains: 
Mineral localities of Pliiladel|>hia and vicinity. Rand, JetTeries and 
Cardeza; The Fauna of the Blanco beds of Texas, K. D. Cope ; A 
revision of th<» North American Creodonta, with notes on some genera 
which have been referred to that group. W. H. Scott. 
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Koyal Society of Canada, Transactions, vol. ix, Sec. iv, contains: 
Parka decipiens. Notes on specimens from the collections of James 
Reid, Sir Wm. Dawson and Prof. Penhallow [Reviewed in the Geolo- 
gist, vol, IX, p. 341 ] ; The gold-bearinK rocks of Xew lirunswick, and 
the possible discovery of remunerative gold deiK>sits in that province, 
L. W. Bailey ; Two species of trees from the Post-Glacial of Illinois, 
1>. P. l*enhallow; Ilhistrations of the fauna of the St. John gnmp, Xo. 
VI, (t. F. Matthew; On the geology of the St. Clair tunnel, Frank I), 
Adams; The Orthoceratidjc of the Trenton limestone of the Winnipeg 
basin. J. F. Whiteaves, [Reviewed in the (tkouxhst. vol! x, p. 124]:: 
Deep wells in ^fanitoba, J. B. Tyrrell ; On the geology of part of the 
Province of Quebec, R. W. Ells ; On the mode of occurrence of remains 
of land animals in erect trees at the South Joggins, Nova Scotia, J. AV, 
Dawson. 

Annales de la Soc. (ieol. de Belgiciue. Tom(» xix, 2 me livraison, con- 
tains: Contribution A 1' <^tude du frasnien, X. Stainier; Observati<ms 
sur la correlation des diverses bandes consid^'r<?es comme frasniennes 
par ^r. X. Stainer, par (t. Dewahiue; (^uelques observatitms relatives 
au devonien du bassin de Xamur, (i. ^[alai.se; l>e la formation des 
d<jpots de phosphate de chaux dans la ])rovin<*e de LiC*ge,('am. (Tillet^ 
Sur une analogie de formation d'une vari<^t(' de phosphate de chaux 
de llesbaye et des phosphates de Curacao et d(» la Florid(», ^1. T^>hest ^ 
Distribution d'eau de Bruxelles, par Kd.-(T. Detienne. 

Bulletin de la Soc. Oeol. de France, t. xix, Xo. 13. July, 1892, C(m- 
tains: Note sur la succession des zones du terrain crC'tac^ du Beaus- 
set et sur leur c(miparaison avec celles des Martigues. A. Toucas : Note 
sur la serie saunultre de Fuvean et de Rognac, IMi. Matheson ; Xote 
sur le gisement du Rouve et sur V iige des couches cretac<?es sup<'*rieures 
du Beausset, M. Peron ; Xote sur la bande d' affraissements de Chi- 
bron, M. Bertrand; Sur I' allure tourment<^e des plis isoclinaux dans 
les mont agues de la Savoie. >r. Kilian ; Observations sur .1' age des 
plis de la Provence. M. (\)1 lot ; Sur le BajcK'ian du Var, M. Kilian :; 
Note sur les zones de plissements de Salernes (»t d'Aups, ^I. Zfircher ; 
Observations sur les couches fiuvio-la-custres A Lychnus et 1* Urgo- 
aptien d' Orgon ( Bouche.<-du-Rhone), ])ar Kdm. Pellat. 

Jahres-Bericht d. Xaturforsch. (lesell. (Jranbiindens.xxxv, (18W-91), 
Chur, 1892, contairis: (4eologische Bau d(»s lihiHikongebirges, Chr- 
Tarnutzer. 

Mittheilungen des Naturf. (lessell. in Bern, 1891 ( 1892), Xos. 1285- 
1278, contains: Keitnlge zur interglacialzeit auf der Siidseit« der 
Alpen, A. Bnltzer: Der Loess des «4t,gallischen lUieinthals, A. Baltzer; 
Zur herkunft der bernischcn bunten Nagel-tluh. A. Baltzer. 

Annalend. K. K. Naturhist, Hofmscuims.AVien, 1892, Band vii, Xo. I 
u. 2, contains: l>i<» (JastroptKhMi d(»s Schichlen von St. ('assian der 
siidalpinen Trias, ii. TIiimI. Ernst Kittl. 

Ablinnd. d. (iross. Wi'i^i^. (ieol. Land-Ansialt, zu l>arnnstadt, Band 
II, Ilefr 2. comprises: |)ie alton N<»ckarbettcn in der Rheinebene, von 
\. .Mangold. 



Recent Puhlicationx. 3J>1 

Ueber die basultischen Kralerbildungen nordlich und iiordostlioli 

Ton Giesseii, A. Strenjf, (xxi.v, Ber. d. Oberhess. Oessell, Xat. u. Tleil- 

Jcuiide, 7A\ Giesseii). Eiiie Keise in das Land der Mormonen, A. 

Strong (Iden). 
(reologische und geograpliisclie Experiniente, von Ed. Keyer (AVoin). 

I u. II Ilefte, Leipzig, 1892. 

III. — Puptn'H in SrU'Htljic Jotirntih. 

Can. Record of Science, Vol. v. No. 3, contains: Tlionia«Sterrj'IInnt, 
J. W. Dawson, (with a portrait); Tlie Utica terrane in Canada, II. M. 
Ami. 

No. 4 contains: Description of a new genus and species of phyllo- 
carid ('rustacea from the middh* Cambrian of Mt. Stephen, B. (?., J. 
F. Whit«aves; The Utica terrane in Canada. Henry ^1. Ami : Notes on 
Cambrian faunas, (t. F. Matthew. 

Jour. (Mn. So<». Nat. Hist., Vol. w, Nu. 2, contains: The preserva- 
tion of plants as fossils, Jos. F. James ; Some new species and new 
structural parts of fossils, S. A. Miller and ('has. Faber; Manual of 
the paleontology of the Cincinnati group. Jos. F. James. 

Geological ^Iagazin«». Srjtf. : Notes on Russian geology, AV. F. Hume ; 
The mammoth and the glacial drift, H. H. Howorth ; On rapid eleva- 
tion of submerged lands and the ])ossible results, E. Hill; The so- 
called serpentines of Lleyn, Catherine A. Raisin. 

Oct.: Further additions to Australian fossil Echinoidea, J. AV. Greg- 
ory ; On Liassic .'Sections near Bridport, J. Francis Walker ; Further 
remarks on the Coniston limest(me. J. E. Marr;Note on a granite 
junction in tlie Ross of Mull, J. (i. Gocnichild ; The Malvern crystal- 
lines, A. Irving. 

Novetti. Further contributions to the Devonian fish fauna of Can- 
ada, A. S. Woodward ; On porphyritic (juartz in basic igneous rocks, 
A. Harker; Lithophysa* in obsidian, Lipari, H. J. Johnston-Lavis ; 
Faulting in drift, T. Mellard Reade: Glacial geol(»gy. Old and New, 
Percy F. KtMidall ; Selenology, S. E. IVal ; The nuimmoth and the gla- 
<jial drift, a reply to A. J. Jukes-Brownt*. H. IL Howorth. 

Am. Jour. Sci., Srpt. The Gulf of Me.vico, as a measure of Isostacy, 
AV. J. McGee; Kelauea in April, 1892, S. E. liishop; The Devonian 
system of eastern Pennsylvania, C. S. Prosser ; Relations of the Lau- 
rentian and Huronian on the north side of lake Huron, A. E. Barlow; 
Note on the change of electric conductivity observed in rock magmas 
of different composition on passing from liquid to solid, Carl Barus 
and J. P. Iddings; Estimation and dehydration of silver oxide, >L 
Carey Lea. 

Oct. An ottrelite bearing phase of a metamorphic conglomi^rate in 
the Green ^lountains, C. L. Whittle; ^lica peridot ite from Kentucky, 
J. 8. Diller; (ilaciation in the finger-lake region of New York, D. F. 
Lincoln ; Crystallograj)hy of the Cji'sium-mercuric halides, S. L. Pen- 
field; Restorations of Clavsaurus and Ceratosaurus. O. C. Marsh ; R«»s- 
toration of Mastodon iimericanus Cur., (}, C. Marsh. 
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Xon'iH. Unity of the glacial eiKX?h.G. F. Wright ; Contributions to 
mineralogy. No. 54, F. A. Genth. with crystallographic note* by 8. 
L. Penfield; Notes on the Farmington, Washington county, Kansas, 
meteorite, 11. L. Preston; A note on the Cretaceous of northwestern 
Montana. II A. WtKxl ; The deep artesian boring at (ralveston, Texas. 
K. T. Hill : .Votice of a new Lower Oriskany fauna in Columbia county. 
New York. (•. E. Beecher, with an annotated list of f<»ssils. by J. M. 
Clarke ; Description of the Mt. Joy meteorite, E. E. Howell. 

I]'. Kxrerptft nml Iinlin'thntl PnblivatiuH*. 

The [K>st-Laramie beds of Middle Park. Colo. AVhitman Cross, 
Proc. Col. Sci. Soc.,()ct., 1892. 

Notes on some eruptive rocks from Alaska, (xeo. H. Williams, Nat. 
Geog. Mag., Vol. iv. 

The Vailan or annular theory. Stephen Bt)wers, Ventura, Rvo, pp. 
24, 1892. 

I'. Fort'itjn Pnhlirtifioit:t. 

Scientific Proceedings of the Koyal Dublin Society, Vol. vii <n, s.^,- 
March, 1892, Part 3, contains: On the structure and origin of the 
Quartzite rocks in the neighborhood of Dublin. W. J. Sollas. 

The fossil Crinoidea in the British Museum (an attempt to put into- 
prr.ctice modern ideas of museum arrangement), F. A. Bather. From 
the annual report of the Museums Association for 1891. 

On the discovery of mammoth and other remains in Endsleigh 
street (Ix)ndon). Henry Hicks. From the Quart. Jour. (xeol. Soc.. 
Vol. \i.viii. p. 453, 1892. 

Soc. Geog.du Nord. Annales xi.v, 1891, contains : Notice preliminaire 
sur la nature et I'origine des phosphates dechaux de la craie. Renard 
et Cornet : Observations au sujet de la note sur le terrain houiller du 
Boulonnais de M. Olry, par M. (losselet : Composition de T^'tage 
houiller en Bas-Boulonnais, par M. Ludovic Breton ; Note sur la de- 
couverte d*une faune marine dans les sables landeniens par M. Gos- 
selet ; Ai)ercu sur les git«s de phosphate de chaux de Hesbaye d*ap^^s 
les travaux de MM. I^>hest,Schmitz etForir. par M. (Tosselet ; Sur les 
terrains phosphates de Picardie, par Henri Lasne : Observations sur 
le terrain Silurien des environs de Barcelone, par Charles Barrois; 
De <iuelques th<?ories nouvelles, par M. Peroche; Les Insectes des 
couches triasiques de Fairplay, Colorado. Analyse d' un travail de 
M. S. Si'udder, par M. Charles Maurice : Sur T existence d* un gise- 
ment de Blende et de Galcne dans le department du Nord, par L. 
Cnyenx : Etudes micrograph i(iues du tuflfeau A Cyprina planata du 
Nord de la France et de la Belgiciue ; Du r<')le Diatomees dans la 
formation de ce Tuflfeau (notice pr<'*liminaire), par M. L. Cayeux : La 
Crai«* du Nord de In France et la lH>ue A (ilobig^rines (note prelimi- 
naire ) par M. L. Cayeux : De I'existence des Diatom<H*s dans Pyprcsien 
du Nord. par M. L. Cayeux : Diflfusion des trois formes distinctes de 
V oxyde de tirane dans le Cn'tac^ du Nord de la France, par L. Cayeux ; 
IMeinoire s(ir la faune du ^rt'yi Amoricain, par Charles Barrois ; La 
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Craie dii Nord est bien iin depot terrig^ne, par .M. L. C'uyoiix : Siir un 
cjileaire nioderne eoncretionn^ avec diat(>ni<'*es de Saint-Nectaire-1»*- 
Bas, par M. J^. (-ayeux ; ComiK)siti<)n inin^'TaloKique des Sables glaii- 
oonieux landeiens, par L. C'ayeux ; Note sur le Tertiaire dn Boulon- 
nais, par II. Parent ; Sepulture de 1' Jij^e de la Pierre jwlie A Houvniy 
(Aisne) p^^8 Saint Quetin, par M. liabelle : De I'existenee de noin- 
breux Hadiolaires dans le Jurassuiue et dans V E(K*ene du Nord de la 
France. — Origine probable de la silice de la (laize et des Tuffeaux 
eocenes^ par M. L. ( 'ayeux ; Sur la presence de vert^'br^s dans TEtK-ene 
inf<?rieur du Xord de la France, par A. ^lalacjuin : Observation nu 
sujet du mode de formation du conglomerat A silex par M. Gosselet : 
I>u rAle de la geologie dans 1' enseignement de le g^^'ograjihie et de 
r agriculture, par M. Ciosselet; Notes iMHir rC*tud(»du terrain <|uater- 
naire en Ilesbaye au Mont de la Trinit^** et dans les collines de la 
Flandre, par M. Ladrir-re. 



CORRESPOXDEXCE. 



The Tuiui) Tkxas uki'okt. — Permit me to correct a few errors of 
statement in the review of the Third Annual Report of the (geologi- 
cal Survey of Texas, published in your November number, inasmuch 
as they put on record Prof. Alpheus Hyatt and myself in a maimer 
unauthorized by us. 

You state that Mr. .lules Marcou's determination (»f the Jurassi<» 
age of the Tucumcari beds in New Mexico has Ihmmi sustained by 
Capt. ('. K. Ihitton, Prof. A. Hyatt, and Prof. Kobt. T. Hill, and op- 
[M>sed by Prof. .las. Hall and Dr. J. S. Newberry. I am sure that 
neither Capt. Dutton, Prof. Jlyatt nor myself has authorized this 
statement, ('apt. Dutton has never published a line on the Tucum- 
cari region, and 1 think has never visited it. In his admirable mon- 
ograph on Mount Taylor and the Zuni Plat<Miu, he does ui)hold Prof, 
^larcou's determination of the Jurassic in New Mexico, but in an en- 
entirely difTerent i>ortion of the ti^rrilory from Tucumcari. 

Prof. Hyatt and I have studied the region minutely; the former 
spent a whole field season in tin* vicinity, while I have nuule two 
special trips to this inacc<»ssible locality. By agreement we have re- 
frained from |)ublishing the lengthy papers either might have pre- 
pared, and I am positive Prof. Hyatt never recorded an opinion on 
Tucumcari. but is cautiously working up his nuiterial. 

I have ex])ressed my opinions in the following five publications. 

1. Circular. School t>f (ieology of University of Texas, Austin, 1887. 

2. (Geological Survey of Arkansas, Annual Ueport 1888, Vol. ii. 

,S. The (-omanche Series of the Texas-Arkansas Begion. lUilletin 
of the (ieological Society of America. Vol. ii, pp. .')U3-528, 1891. 

4. Notes on the Texiis-New Mexican Region. Bull, (ieolog. Soe. 
Am., V(»l.m. I8<.n. 



.y «»ij tliH I N"riirr**iii'H iif Art»'sian and I'lidHr^niniul WaiHr> in 
T»fxas. NVw M»*x !«•••. rtc. Washintfritii.April. ISKJ. 

In th*f ••arlier of thv>s»' wririn^;-^ I >aid Mr. Man.'«ni had nul Wen 
pnii^^Tly iindt*rst<Mid. and his ifryph;t-a dilatata and <*>rrt^a marshii 
bedsi w»T»' .Fiira>>ir.a> fin ua^^ justifir<l in atfirniin^ fmin ihn mvur- 
renc»f uf lli**^* >}M»«-ie-». Hut as a rv>uli «»f Int^'r inwstiKtitiiins and 
ihediM-iiVHry iif lh»*s** si»ecit*> a>siM.*iat»Hl with dunani-htr faunas, this 
statHni^nt was ri»rivi-ied and in \\\k' n*iHiri u|»«in und**rpr«.mnd waters, 
a)N»v»-' nienti<>n»*d.p, ll*5«. whi«-h wa>>Hiit t«» ih*- 'iE^'i •••tI'»t si mie months 
Ijffoiv. Mr. runiinin*' n-jMirT wa> |iul>li>)it*d. my fiMirlu^ions u|miii the 
jTroliipyof Tui'umrnri wer»? disiiiu'lly >tat»*il a* fi»llti\\*: 

rUK TIIlMrV -iMi'* \\I» KKH I:KIi HK'-I-'V^. 

•• TIm' \\ril*-r lia?- iwii*** vi>it*'4l ihe M«»*« Tui.Mini«'ari and found it a 
in<»*t inT»'n'^lin>r >r»Hiliijrit.al remnant of liu* formtr ar»'a of tlie Llano 
Esla<^*ad«». Th^ tahK- or summit d»'><Til»fr'd l»y i'a|it. SimjiMin i^ «'ovt»red 
with the lypiral I.hino K?»tafado fi<rmati<>i:. idHniiral in i'iiii)|Misition 
ami fi»rmi*rly cntiiMiMU'^ \i itli tin* -Imm'I u liirh ro\er'» tlif LhiiH* pni|H-r, 
>omH '2S) miU*> di>tanr. lirlnw ihi> i^ a \»-rtii-aI »**rarpnient of .>i> 
fef*r or nion* «»f t\pii*al Pakota >and-t«iin', rf>rini: jjjnih liHi>f >ands and 
i-lays. forming a sl«»pM id^ntii'al in a-pt-ri aTid f«»>'»:I reniain** witli the 
I>fr*nistin lied?» itf t!i»' AVashita Pi\i*i«»n. uiiirli liavf ii^»'U rnnitMl away 
from tliH -|*X» mile* inter\eiiin>r l»*T\\f»Mi it and ilie luain Unly of those 
b**d* at I*eni>on. Te\. lUMieath thi-* i"^ a hiri:»* il^*jM»*ir ^'f the ty|»ioaI 
Trinitv >ands i-ouiitrv. ttf white pa^'k-^nndo. t!ii?: ilax *ea!n>. and 
tla^rstiMie*. «|jil»* the lia>e i> i-iiiii]M»«»»'d uf ilif Typ:«-al veriiiilinn ->andy 
I'lavs of the Ked IWmU." 

Since much of t!ii*Te\a> rep«»rt wa* ii^ed w itln'Ut i-n-dit ii|hiii work 
done hy myself or my a»i*tanr-. iiieiudiiii: Mr TatT. \\i»rki!i^ uiiiier 
my direct ion Kir>l Annual li»'p.»rl 1**M*. pji. ; wwiiiahd li»H-l4I' th«» 
state ^eiiliiui>i. uirh the alnive pa'»>aue iK'fun' liini. rr.itht !»ave >pared 
him*»'If ihi* lalN»r «if di>pri»vin;r a lhe«»r\ I liad li»ni: '^inei- puldioly 
disowmMi. 

<'o!n*erninir the aire i.f the Tri!iit\ h»Ml- iif !ii\ Triivity di\i>ion. for 
whieh Mr. Taff. wiihout -tale!ii»«nt iif auth^irity i-r r»*:i«Miii.*iili>titutes 
the i,a!ii»' Iio'^tpie. I 1j:;\»- ah%a\* lield TJ.aT t1.»\ |«r»*>eiit a A\"»»alden 

fauiia wliii h Initij ii. K mipi* and iri ll;i'» jj.!r\ jirt'^eiii* certain 

traii^iii'iual .lura-< "rftiirenii^ features, luji j^ \\\ L'et.eral agreement 

plaf»'d \\ !h»" < 'p*Taefiiu> and > t!i*itiered. If M»-^'«r^. ( 'uniniin> and 

Taff '"a'. *'p»*ak \\\\\\ j««"»itiven»"»'» \^\•. thi-* '»iihj»-'-T . i!.»*y .-ire i«i Ih» ron- 
jfratuiiii»'<i. f'T T?:»'re arf-e\»Tal i:ftiii»i:i-t< u ii" '.:i\»" l.aii much louder 

a«^«iuaintarj«'»* '-^ itJi til* urr»*n<"»' aiul pr-ihh'i;.^ ■•'" TJie lia>al (reta- 

eeiiu* in thi* uiiry. \v)i«». after f.MP'ful \»"ar- «'f !;i1ht. are still eoii- 

>ervative in ••\pre-*i»':. — amiH;:: t! !#••»»• ;iri« l*r -S Ward. Fontaini*. 
Wliite. MHie.* and i?:>*»!f. 

Yiiur ?»tateineiii mi; p. XM.That !!.•• <m»*:. h'"^*" ji'-ii^ \\»Tf Lut as^n- 
ciated by me with tlie Trinity. 1h;t w.-p- r-ritir.-Mi ;•. :•:♦• Kr-drick^hurL' 
divisiun. is a nii>rake. Thi^wn* true in rr;\ iMri.-r piiliiii'aiii»ii>. hut 
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in my later papers, especially one upon the Comanche seri(»s of the 
Arkansas-Texas region, read before the Geological Society of America, 
in Washingti^n 1891, and published by the society, I separated the 
lower beds of the Comanche series from the Fredricksburg division, 
and placed the Trinity sands and Glen Rose beds in a distinct division, 
to which 1 gave the name of Trinity division. The state geologist of 
Texas participated in the discussion which followed the reading of 
this paper [See Bui. Geol. Soc. Amer. Vol. ir, p. 327] and inasmuch as 
the section there published is reproduced by Mr. Taff without a word 
of credit, except for horizons, I append it in parallel columns with his. 



Section and Noihundaturf of thr Com- 
nnvhe SerU» n» pithlhhal by Hill in the 
Bulletin of thf (iKolo<jh'ut Society of 
America^ Jiay, lf*9t. 

Definition' of Tin-: Tkkiianks. 

CONSTITI'TION OF TIIK COMANCIIK HKlUKrt. 

C. Tho WuHhita, or Indian Tt»rritory 

Division. 

11. Tht» Dnnition B*m19. 

10. The Fort Worth Linu'stone. 

». Tlie Duck Creek t'halk. 

H. The KininitiaCMavsor Schloenfmchia 
BedK. 

li. Thn FrederickHburg or Coinanrlio pifak 

Division. 

7. The Goodland Linio?.ton«'. 

♦). The Capri na LiniP>*ton«\ 

f*. The C'onianrlu' Peak Clialk. 

4. The Onjphira Ho<k and Walnut 
ClavH. 

3. Tlie Paluxv Sand-. 
A. TheTrinity Divl-lon. 

2. The <Jlen Kosh or alternating l>edH. 

1. The Trinity or IJn-^al Saiidf. 



Sevtion and Nomcnclattire of the. Com- 
anche. Serie* fiM putitinhed by ./. A. TafT^ 
Third Annwil Report (teototjicnl Surrey 
of Texan, Sept. 1892. 

I. LoWEll CUKTAC'KOrS. 

Wanhita Division. 

ni, Vola limestone (3). 

1. Arif^tina day. 

k. DeniHOn (:{). 

j. Fort Worth (5J). 
P>ederickHhur;» Divit»iun ("i). 

i. Kianiitia clay {}\). 

h. Anntin marble (:)). 

jr. Flag limestone ^H). 

f. Caprina limestone (1). 

«'. Comanche Pt>ak (It. 

d. Texana. 
J)o(«iue Division (r>). 

c. Pal uxy sand (U). 

b. Glen Hose »alternutint:» l>fd(:i>. 

a. Trinitv sand (.3K* 



*( 1 » B. F. Shumanl, r2) Dr. Fcrd. Koni.-r, 
(8) U.T. Hill. 



Why, after the general section had long been publi>hed. Mr. Taff, my 
former assistant, should publish the arrangemtMil of this section and 
its description as origimil, with no other credit given than the nomen- 
clature of the above given horizons, may bo attributed to the early 
attempt of an able young worker at publi<'ation. but his substitution 
of **Hos(iue" for my Triin'ty Hivision, [See r>ull. <ieol. Soc. Amer. 1H91, 
pp. 503-5-28J and his accr(»diting to |)r. Ferd. iJoeiner my Frederi<'ks- 
burg division is remarkable. 

I am always glad to correct any errors in mv work, and I have some- 
tim(»s amended my nomenclature. Both of tliese privileges every 
worker.especially one in a progressivi* science, lia<.I)Ut it is doubtful if 
others can change an established nomenchiture without explanation. 

In the nomenclature of tiie Comanche and I'pper Creta<'eou<, in 
my later papers, I havi* sought to substitute gi*ogra|)hi<' for pah'on- 
tologic designations of beds, but have aim«Ml to give credit to tlu* 
humblest assistant. I ask that the readers of .Messrs. Cunmu'ns' and 
Taff's paper> compare them with my report in the First Annual Re- 
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port of the Texas Geological Survey, pp. Lxxxiii-Lxxxvnrand pp. 106- 
141 ; with the American Journal of Science, April, 1887, and other 
papers of mine referred to in this communication. 

The valuable writings of J)r. C. A. White, as well as those of Prof. 
Jules ^Marcou (who made the first correct determination of the Lower 
('retaceous age of the beds of northern Texas), are likewise entirely 
ignored in this rej)ort.* 

There are also several erroneous statements in the review concern- 
ing the range of sj)ecies, but these will be reserved for future com- 
ment. KoBT. T. Hill. 

Wn»hiinjt0Hy iK C, A or. IS. IS'J..^. 

VoLCANir DUST IN Kansas AND INDIAN Tkrritory. — The pccuHar 
volcanic dust or sand mentioned by professor Todd in the November 
(teologist occurs, as is well known, in various places in western Kan- 
sas. 1 found it, as early as 1874, in Xorttm county, and professor St. 
John records it from several localities in the extreme southwestern 
part of the state. During the past j^ear I have received specimens 
from the Indian Territory, south of Arkansas (^ity,and from a few miles 
southwest of Galena, a locality considerably further east than Omaha. 
The sand in both these latter localities is rather more grayish in color 
than that from the northwest, but otherwise is identical. The gentle- 
man who gave me the specimen at Galena, stated that the deposit is 
many feet in thickness at this locality. S. W. AVillistox. 

(•LAssiFiCATioN OF THE CEPHALOPODA. Tlic Noveuiber number of 
the A>[ERicAN Geulocjist contains a note (p. 327) on the comparison 
Tables of Classification issued in the July number of Proc. Oeol. Assoc. 
LoiiffonAii illustrate the Presidential address. 1 do not wonder at 
your saying "Bather's is the most remarkable mainly on account of 
its brevity." As you have further rej)rinted the words that purport 
to represent my classification, I should like to have the opportunity 
of saying that I am not responsible for that Table, and that it does 
not properly represent any views held by me now or formerly. 
Though no actual classiHcation of the Cephalopoda was ever pub- 
lished by me. still the caitrdhd Table did represent the views held by 
me in 1H8H and expressed in various papers about that date. The 
views to which 1 was led were largely influenced by the ideas of 
American writers, and 1 should be sorry to see a misleading account 
of those views disseminated, without (U)rrection, by an American pub- 
litmtion. Thereft)re I ask you to be good enough to print the accom- 
panying tabh*. Not having been able to read all the recent literature 
on Ceplialoi)odn, 1 cannot say that 1 regard these as the best possible 
vi<'ws at the present day ; but I regarded them as the best views pos- 

*F()r a resum<^ of ^Ir. Marcou's early determination of the Lower 
Cretaceous in tlie Texas region, see Bulletin 45, U. S. Geological Sur- 
vey ; The Present Condition of Knowledge of the Geology of Texas. 
Bv Bnbt. T. Hill. 
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sible in 1888, and am not aware that any facts recently brought to 
light would greatly aflfect then. 

Faithfully j'ours, F. A. Bathkr. 

Natural History Museum, 

London, 8. W., Nov. 18, 1892. 

CLASSIFICATION OF CEPHALOPODA. 



LIPOPROTOCONCHIA. 
Nautiloidea. Intermediate and 

Ortlioceratidae (h. 8tr.) more ancestral 



<^fOinphoceratidue 

Poterioccrati dne 

Aticoceratidap 

Cvrtoceratidae 

I.ttaitidae 

Trochoceratidiio 

Xantllidne 



forms 

Endocenitidae 
Actinocorutiduo 



SOSIPROTOCONCniA. 

AM1I0X0IJ»A. COLBOIDEA. 

Bactritidat^ 
Asellate 
Latlsellate, and 
Angustisellate 

^aden of 

Gonlatites 



Osteophora 

A iilacoceratidao 
Xii)hot(*uthidao 
Beleinnitidae 
B(*lopteridae 
Spirulidae 
FuniilleHof Ammon- bepiadae 
Ites uncertain. Chondrophora 

(Myopsld) 
Beloteuthidae 
Tenth idae 
Belemnoteuthi dne 
Loligidao 
Sepiolidae 

(Oigopsid) 
Octopiodidae 
Fliilonexidac 
Cirrhoteuthidiie 



TuE MovEMKN'Ts OF MuiR Gl.\ciek. — In accounting for the apparent 
discrepancy between Prof. Keid's measurements of the movement of 
the Muir glacier and my own, in your notice of his imj)ortant work, 
attention should have been called to one other point, namely, that we 
did not measure the same portions of the glacier. Profes.sor Keid 
measured the morion c)nly as far out from the edges as he could plant 
stakes ; but tliere was a quarter of a mih» or more in the middle which 
he found it impossil)le to reach. The reason why he could not reach 
it was that that was the most rapidly moving part where conse- 
quently the crevasses were impassable. ^ly base-line was on a level 
with the edge of the ice, so that we could recognize the pinnacles and 
domes and moraine-covered patches as they slowly moved past across 
the horizon. ^Ir. Baldwin and myself were very <*onfident that we 
made no mistake in the recognition of these objects. Professor Keid's 
base-line was several hundred feet higher up upon the mountain side 
than our line, so that in looking down uj)on the glnci(»r he had not 
the same advantages for recognizing thei)innacles. Of course, a larger 
margin of error should be allowed for our t)bservations than for his, 
since our angles were taken with a sextant and his with a theodolite. 
But on points nearer the shore our results were very nearly the same 
as his. Professor IJeid has just returned from another ex])edition to 
the Muir glacier, and reports great changes in the appearance of the 
front. This year the front has assumed almost exactly the shape 
which is shown in my photographs of six y<»ars ago, while two years 
ago the contour of the front was entirely different. Profes.sor Keid 
has brought back a large amount of important information about the 
whole system, but it is too (»arly yet to publish the result. 

Oh»'rlln,().,X<ir.7,JSff.\ (i. Fkedkkick AVuionT. 
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PERSONAL AND SCIENTIFIC NEWS. 



Dr. a. Osanx, for many years first assisUint to Prof. Koseii- 
busch in Heidelberg, and later extraordinary professor of miner- 
alogy and petrography in that l^niversity, lias been appointed 
geologist on the Geological Survey of Texas and will have charge 
of the petrographic work of the survey. He sailed from Germany 
about the middle of November. 

A Lar(1E Diamond. — The second largest diamond in the world 
*is now undergoing the cutting process at Antwerp. Its weight is 
at present 474 carats, but it will lose no less than 274 carats be- 
fore it is ready for the market. Even then, however, it will bt» 
the second largest diamond in the world, standing Ijetween the 
280 carats of the Pei*sian diamond -'(rreat Mogul," whose exist- 
ence is considered verv mvthical to-dav, and is said to weijrh 19H 
cai*ats, and the Victoria, or Imperial, diamond, the property of 
the Nizam of Hyderabad, and the Russian -Orlotf" brilliant. 
The De Beers Yellow weighs 225 carats, recently sold to an In- 
dian rajah. Roughly speaking, the Antwerp stone will be alK)ut 
the size of a pigeons i}^^. In its present state it measures 2. 741 
inches bj' 1.7(17 inches. Tts polished surface will nn^asure .7sr> 
inch each way. 

Cheap Alvminim. — A French electro-metallurgical company, 
which employs the Herault-Kiliani aluminum process, asserts that 
it will be able to sell the aluminum at a price eipiivalent to less 
than 15 cents a pound, provided it is in a position to dispose of a 
yearly output of 3, (KM) tons of the metal. 

Alabama Bkrvl. — The range of meUimorphic schists and coarse 
granites that traverse (Vnxsa county, Ala., yield some interesting 
minerals. Among them are tantalite, cassit(»rite and beryl. 
Some fine si)ecimens of the latter have been cut for exhibition at 
the Alabama State Fair soon t<) be held in Birmingham. The 
better specimens are found near the old town of Rockford in the 
vicuiity of Hissop J*. (). 

The most striking geological feature of the district is the occur- 
rence of heavy bands of a coarse schist in places heavil}' impreg- 
nated with graphite and pyrite and lying between extensive' ledges 
of granite. Some large pieces of tantalite have been found 
near Rockford, tlu^ larg(»st weighing 45 ounces, being now in the 
Museum of the Alabama (ieological Survey. Tin ore also occurs, 
but. so f:n*. onlv surface frajjments and crvstals have been found. 

TiiK (iKoLo(Ji( AK SociK/rv OF* Amkkica will hold its fifth annual 
mcctinii: at OttMwn. bcjjjinning Wednesdav, Dec. 28, at 10 o'clock 
M. m. The invitation to this city was issued jointly by the Logan 
(Mub. the Canadian (Geological Survey, and the Ro3'al Society of 
Canada, and the sessions will be in tlie House of Commons build- 
ing. His Kxcellency, th(» (Iovcnior-( Joneral, will give an address 
of welcome. 



INDEX TO VOL. X. 



Advu lice riheetH from tho(»i«rhte<»iitli n^nort, 
Indiana iiirvoy, Palooiitolojr^-, Mil lor. 
:W3. 

Alabama, geology of nortlion-i^toni, IlayoH, 

Aliiminiini, 39H. 

Another old outlet of lake II iiroiif Wright, 

Appiilachlaii Virginia, N. II. Dartoii, 10; 

Keith, 86:2. 
Apnroxiiuate Int<?rglaci}il cliroiiomoter, N. 

II. Wimhell, «U,*W. 
Annual report of th<> (h'partnioiit of 

miiie(«, New Soutli Walon, ijsri. 
Arealworkof thi' l'. S. (Teol. Surv., Mc- 

Gee, t3T7. 
Arkan!>art. tin* Iron deposit" of, Pennine, 
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